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MINISTRY OF WORKS, HOUSING & SUPPLY 
Central Boilers Board 
NOTIFICATION 

New Delhi, the 14tb April, 1962. 

G.S.R. 481.—In exercise of the powers conferred ^ section 28 of the Indian 
Boilers Act, 1923, (S of 1923), the Central Boilers Board hereby makes the 
following regulations further to amend the Indian Boiler Regulations, 1950, the 
same having been previously published as required by sub-section ( 1 ) of section 
31 of the said Act, namely;— 

1. These Regulations may be called the Indian Boiler (Ninth Amendment) 

'Regulations. 1962. 

2. In the Indian Boiler Regulations, 1950, 

(I) Regulations 535 and 536 shall be renumbered as 634-A, and 634-B 

respectively; and 

(II) after Chapter XI, the following shall be Inserted as Chapter XII, 
namely:— 


“CHAPTER XII 

Shell Typo Boilers of Welded Construction 

535. Application.—These regulations shall apply to aU boilers of fusion welded 
construction other than water tube boRers and electrode boRers referred to in 
Chapters V and X respectively. 

Where the design of the boiler is of composite construction, viz., part fusion 
welded and part riveted, it shall comply with the relevant regulations governing 
that particular type of construction. 

636. General Requirements.—Where applicable the general requirements of 
Chapter I relating to certlflcates from Makers, Inspecting Authorities, and the 
like and of Chapter III concerning construction, shall bo followed. 

537. Materials of Construction.—Plates, sections and bars used in the construc¬ 
tion of these boilers shaU comply in all respects with the requirements of 
Chapter II. 

Where, however the tensile strength exceeds 32 tons per square Inch, the 
full details of the welding technique Incliiding pre-heating and post-heating, and 
the plate preparation to be used, shall be submitted tO the Inspecting Authority 
tor approval before manufacture commences. 

( ^^7 ) 
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B38. Covered Electrodes. —Where covered electrodes are used they shall comply 
with the requirements of regulations 94 to 98 save in the case of the weld rnetal as 
deposited, where the tensile strength shall not be less than the lower limit specified 
for the plate. 

539. Plain and Stay Tubes. —(a) Tubes shall comply so far as may be with the 
provisions of Regulations 36 to 63. 

For plain tubes subjected to external pressure lapwelded steel tubes ns provided 
In the Regulations 64 to 67 may be used. 

(b) Seamless Steel Crosstubes and uptake Tubes. —Crosstubes and uptake tubes 
shall comply with Regulations 127 and 128 respectively. 

540. Conatruotlon and Workmanship. —^The manufacturer shall supply the Ins¬ 
pecting Authority with a fully dimensioned sectional drawing showing in full 
detail the construction of the boiler for approval before putting the work in 
hand. 

Full details Including dimensions of plate preparation for the longitudinal and 
circumferential scams shall also be shown on the drawing. 

Fully dimensioned sketches showing In details the attachment for standpipes, 
branch pipes and seatlngs, the position of these attachments relative to the 
longitudinal and circumferential seams and other opening shall also be given In 
the drawing. 

541. Preparation of Plates.— The edges of all plates shall be machined or flame- 
cut by machine. Gusset plates may be sheared except on those edges which are 
to be welded. 


Plates which are to be flarae-cut b.y machine without subsequent heat-treat¬ 
ment, grinding or machining, shall not have a carbon content higher than fl'28 per 
cent. Where the carbon content exceeds 0-.26 per cent, heat-treatment, grinding 
or machining shall be carried out. 

The edges of all plates shall have a smooth finish. 

The welding edges of all plates shall be cleaned to a smooth metallic surface 
and shall be free from rust, oil or other foreign matter before welding Is 
commenced. 

The surfaces of the plates at the longitudinal and/or circumferential seams 
shall at no part be out of alignment with one another by more than 10 per cent 
of the plate thickness but In no case shall the misalignment exceed 1/8 inch for 
longitudinal seams or 3/16 Inch for circumferential seams. 

.542. Stress Relieving. —For the purpose of relieving internal stress all plates 
which have been dished, flanged or locally heated shall afterwards be annealed 
unless during the last stage of manufacture they have been uniformly heated 
throughout. ( 

54.3, Cylindrical Shells. —Except where the design incorporates flat tube plates 
In the shell, each ring shall be formed from not more than two plato.s and bent 
to cylindrical form to the extreme ends of the plate. The bending shall he done 
entirely by machine. Local heating or hammering shall not be used. 

The longitudinal seam or seams may be placed In an.y suitable position but 
the seams In successive rings shall not fall in line. 

In the case of brick set boilers the seam or seams shall be kept as far as 
practicable clear of the brickwork. 

544. Circularity. —The difference between the maximum and minimum Internal 
diameters of the shell measured at any one cross section shall not exceed 1% of 
the nominal internal diameter. 
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The profile as measured on the outside of the boiler by means of a gauge of 
the designed form of the exterior of the boiler, having a length equal to one 
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quarter of the internal diameter, shall not depart from the designed form by more 
than the percentage given in Table XU/1. 

Table XII/I. Maximum percentage departure from designed form 

of welded boilers 


Nominal internal diameter of boiler D 

Maximum departure from designed form 

Inches 

Per cent of D 

Up to and including 36 . 

0-375 

Over 36, up to and mcluding 45 

0 -3J0 

Over 43. 

. 0'3oo 


There shall be no flats at the welded seams and any local departure from 
circularity shall be gradual. 

545. End Plates, Crown Plates and Tube Plates.—The end plates of welded 
Lancashire and Cornish boilers shall be flanged for attachment to shell plates. 

(.a) The dished end plates of boilers shall be in one piece made from one rolled 
plate. Ihe flat end plates may be made from two pieces by fusion butt-welding. 
(tiee figures Ail/i and Xi. in ihe latter case, ibc line of welding shaJi be 
parallel to the horizontal axis of the boiler and shall run through the centre line of 
furnace or furnaces of Lanca.shire and similar types of boilers. In the case of 
Marine typo boilers, the weld shall be located preferably between two rows of 
oar stays or if there is only one row of bar stays, between this row and the top row 
of stay tubes and shall be subjected to a spot radiographic cxammatlon, otherwise 
it shall be subjected to full radiographic examination. 

(b) The segments fur hemispherical shell crown plates shall be pressed in 
one heat to correct curvature and shall be butt-welded together in accordance 
with Figures Xii/3, Xii/4, Xil/a or Xll/6. The cylindrical portion of the crown 
shall be tangential to the hemispherical portion. 

Where hemispherical shell crowns are pressed from one plate the provisions 
of Regulation 547(b) shall apply, 

(c) Flanging of plates shall be done by machine. Such flanging shall be done 
hot, preferably In one operation, but where this is impracticable, creep machine 
flanging may be u.sed provided that the ptate is worked at a suitable tempera¬ 
ture and heated for an adequate distance beyond that portion of the plate under 
Immediate treatment. 

Alter completion of the flanging operation flanges shall be of true peripheral 
contour (either circular or straight as necessary to ensure accurate alignment 
with the connecting parts), and of good surface, free from bulges, grooves or 
other local Irregularities; flat portions of the plate shall be free from set or 
distortion, 

(d) Where flats are pressed in dished end plates for the attachment of 
mountings they shall be formed with an ample radius at the junction of the Hat 
and curved surtaces, and shall be frfee from sharp corners or tool marks; the 
plate shall not be unduly thinned. 

(e) Plates which are flanged in, accordance with Regulation 545(c) shall be 
welded to the parts to which they are to be connected as follows: 

(i) to shells or cylindrical fireboxes as shown in Figures XII/7, XII/8, 
XII/9, XII/10 or XIl/11. 

(11) to internal flue tubes as shown in Figures XII/13, XII/14, or XII/15. 

(Hi) to uptakes as shown in Figure XII/15. 

(iv) to combustion chamber or firebox wrapper plates as shown in Figure 
XII/17. 

Plates which are not flanged .shall bo welded to the parts to which they 
arc to be connected as follows:— 

(v) to shells aa shown in Figure XII/12. 

(vi) to internal flue tubes or uptakes as shown in Figure XII/16. 
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(vii) to combustion chamber or firebox wrapper plates as shown in Figures 
XII/18. XII/19 or Xn/20. 

Where dished ends or crowns are used they shall be flanged for connection 
to the shell or the cylindrical portion of the firebox. Flat shell and firebox crown 
plates of vertical boilers shall also be flanged for connection to the cylindrical 
portions of the shell or firebox. 

The opening in the firebox crown plate of a vertical boiler for the uptake 
shall be flanged and the connection to the uptake made by means of a circum¬ 
ferential butt-weld. (See Figures XII/3, Xll/4, XII/6 and XII/6). 

■ 646. Internal Flues.—(a) Sections of internal flues shall each be made from 

one plate .which shall be bent while cold to circular form. The longitudinal 
seam shall be forge lapwelded, or fusion butt-welded by the metal arc process. 

(b) The maximum permissible variation in diameter of any cross section shall 
not exceed 1/4 inch or half the thickness of the plate, whichever is the greater. 

(c) The longitudinal welds shall bo placed at the lower part of the flue and 
shall break joint in successive sections by at least 12 inche.s. 

(d) Where the flue sections a;?e flanged for circumferential joints the flanging 
shall be carried out at one heat by suitable machinery. 

(e) Edges of all flue flanges sbaU be machined or flame-cut by machine (see 
Regulation 541). 

(f) Circumferential seams shall be arranged so that they do not fall in line 
with those of the adjacent flue or with the circumferential seams of the shell. 

(g) Where at least one-third of the length of a complete flue is corrugated 
or other suitable means of ensuring longitudinal flexibility are provided, the 
cylindricai sections (plain and/or corrugated) may be connected to each other 
by fusion butt-welded circumferential seams. 

To provide adequate support for the plain cylindrical portions of the flues, 
stiffeners having a moment of inertia not less than that required by Regulation 
692(b) shall be securely attached externally by means of continuous welds on 
each side (see Figures Xn/21 and XII/22). 

(h) Where a complete flue Is constructed of short plain sections, the ends of 
each adjoining section shall either be swaged out to a radius to provide an 
adequate point of support and longitudinal flexibility and butt-welded together, 
or be butt-welded to each side of a bowling hoop. The dimensions shall comply 
with Figures XII/23, Xn/24 or XlI/25. 

(i) Stress relieving by heat-treatment shall be carried out when the construc¬ 
tion of a flue involves the use of a circumferential weld, such stress relieving 
being carried out on the completion of all welding. 

(j) Forms of flue connections to end plates are shown in Figures XII/13, XII/14. 
XII/15 and XII/10. 

547. Fireboxes and Combustion Chambers: (a) Furnaces of vertical boilers.— 

The furnaces of vertical boilers may be constructed in one or more length¬ 
wise sections, each section being rolled from one plate to a full circle. In 
such cases, the component sections may be jointed circumferentially by electrical 
butt-welding. The welding shall be stress relieved. 

In the case of vertical boilers where tubs plates form part of the fire¬ 
box, the tube plate portion may be constructed in two vertical sections and the 
welding of the vertical seams when welded shall be stress relieved. 

The maximum permissible variation in diameter, at any cross section shall not 
exceed 4 inch for fireboxes upto 3 feet in diameter, or f inch for flreboxe.s over 3 
feet in diameter, or half the thickness of the plate whichever is the greater. 

Circular fireboxes shall preferably be tapered. A taper of I 4 Inches in diameter 
per foot of height is recommended. The water space at the bottom between the 
firebox and the shell shall be not loss than 2 inches for boilers up to and including 
2 feet and 6 inches in diameter and shall be not less than 24 inches for boilers 
over 2 feet and 6 inches in diameter. 

The method of welding shall be in accordance with Regulation 658. 

Flats formed in the firebox for the insertion of water tubes shall have an 
ample radius at the junction of the flat and the curved surfaces and shall be free 
from sharp corners or tool marks. The plate shall not be unduly thinned. 

Ogee flanging, whether integral with the firebox or made as separate ring 
shall preferably be formed at one heat by suitable machinery and shall be allowed 
to cool gradually to avoid internal stresses. 
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Rings for flrehole mouthpieces or foundation rings shall be made of mild steel. 

Z sections shall not be u.sed for foundation rings. 

Attachment of fireboxes to cylindrical shells shall be in accordance with 
Figures XII/26. XII/27, XlI/28 or XII/29. 

The method of attachment of flrehole mouthpieces shall be in accordance 
with Figures XII/32 or XlI/33, 

(b) Hemispherical fireboxes .—Hemisplherical fireboxes shall be pressed to 
form by machine in progressive stages without thinning and shall be annealed 
on completion. 

Methods of attachment of firebox to the shell shall be in accordance with 
Figures XII/26. XIiy27, XII/28 or XIl/29. 

The method of attachement of flrehole mouthpieces and throat pieces shall 'be 
in accordance with Figures XlI/32, XII/33, XII/35 or XII/36. 

(cl Loco-type fireboaies.—Loco-type firebox wrapper plate sides shall pre¬ 
ferably be tapered. The water space at the bottom between the firebox and the 
shell shall be not less than 21 Inche.s. 

Where the firebox tube plate or flrehole plate is flanged for connection to 
the wrapper plate, the weld shall be located between the commencement of 
curvature of the flange and first row of screwed stays. 

Rings for flrehole mouthpieces or foundation rings shall be made of mild steel. 

Z sections shall not be used for foundation rings. The attachment of the 
firebox to the outer casing shall be in accordance with Figures XlI/29, XII/30 or 
XII/31. 

The method of attachment of flrehole mouthpieces shall be in accordance with 
Figure XII/32 or, where the outer casing and the firebox plate are flanged towards 
the water side to form the flrehole, a ring of screwed stays located at not more 
than half the average pitch of the stays distant from the commencement of the 
curvature of the flanging shaU be provided . (See figure XII-371. 

(d) Water-cooled combustion chambers ^—The attachment of the combustion 
chamber tube plates and back plates to the wrapper plate shall be in accordance 
with Figures, XII/17, XII/18, XlI/19, or XII/20 and where the tube plate or 
back plate Is flanged for connection to the wrapper plate the weld shall be 
located between the commencement of curvature of the flange and the first row 
of screwed stays. 

The method of attachment of furnace or flue tubes shall bo in accordance with 
Figure XII/14, XII/15 or XII/16 and access openings shall be in accordance with 
Figure XII/32 or XII/38. 

548. Uptakes.—The uptakes shall be formed from seamless or hydraulic lap- 
welded tube, or fusion butt-welded plate, and shall be fusion butt-welded to the 
upward flange of the opening in the firebox crown plate and the adjacent end 
of the uptake shall be bevelled in accordance with Figure XII/3 or XII/4. The 
depth of the flange of the firebox crown plate opening from the commencement 
of the curvature of the flange shall be not less than twice the plate thickness 
with a minimum of 1 inch. Unless the whole boiler is to be subsequently stress 
relieved the uptake and firebox crown plate shall be effectively stress relieved 
after welding. Where the firebox crown plate is also fusion welded to the body 
of the firebox as in Figure XIl/15, the firebox complete with the uptake shall be 
effectively stress relieved by heat treatment on completion of all welding. 

The uptake may bo attached to the shell crown as indicated on Figuye XII/10 
before the boiler Is finally stress relieved by beat treatment. 

Where the vertical seam of the uptake is fusion welded the welding shall 
comply with Regulation 558 and the weld shall be so arranged that it is directly 
facing the manhole. 

It is desirable that the uptake should be fitted with an internal cast iron 
liner extending below the low water level. 

549. Cross Tubes.—Cross tubes shall be made from seamless steel tubes. 

The tubes shall be of sufficient length to project through the firebox plate 
not less than J inch or more than 5/8 inch at any part of the circumference of 
the tube. The tubes shall be fusion welded in position, the holes in the firebox 
plate shall be suitably chamfered, and the seam.s shall be welded externally 
and Internally. (See Figure XII/34). 
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Projection not lees than 
i inch not more than 
J inch at any part op 
circumference of tube. 
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550. Bar stays and Firebox stays.—Each bar stay or firebox stay shall be made 
from a solid rolled bar without weld in its length, except where it is attached 
to the plate it supports. 

Bar stays which have been worked in the fire shall be subsequently annealed. 

It is preferred that when the stay is in position in the boiler, its axis shall 
be normal to the plate it supports, but where this cannot be so arranged, then. 
If the stay is fitted with nuts, bevelled washers shall be provided between the 
nuts and the plate. 

Stays shall be secured to the plates they support by one of the following 
methods:— 

(a) Bar Stays. —(I) Plain bars, passing through clearing holes In the plates 
and welded thereto (See Figure XII/42). 

(ii) Plain bars passing through clearing holes in the plates and fitted with 
washers on the outside, the stay and washers being welded to the plates in 
accordance with any one of the methods shown in Figures XII/43(a), Xn/43(b), 
XII/44(a), XII/44(b), XII/45(a), XII/45(b), XII/40(a) and Xir/46(b). 

(b) Fire box Stays —(i) Screwed stays, screwed through the plates and 
riveted over at each end to form substantial heads, or fitted with nuts, or the 
projecting ends fillet-welded as indicated in Figures XII/3&, and XII/40. 

It is recommended that where the stays are screwed, this shall be with a fine 
thread and the stays and holes shall be screwed with a continuous thread. 

The stays shall be screwed with fine threads of not less than 11 threads per 
inch. 

The screw threads on the stays shall be clean, free from checks or Imperfections, 
of full depth, of a correct standard form and a good fit in the holes. 

The middle portion shall preferably be turned down to the bottom of the 
thread. 

(11) Plain stays shall be strength welded to the plates (See Figure XII/41>, 

All screwed stays less than 14 Inches long should preferably be drilled with 
a tell-tale hole 3/16 inch diameter to a depth of J inch beyond the inner face of 
the plate. Stays which are obscure on one side should preferably be made from 
hollow staybar. 

551. Girder stays for Firebox and Combustion Chamber Crowns.—^Where girder 
stays are attached with stay bolts and nuts, they shall be bedded to the corners 
or ends of side plates. 

The attachment of girder stays welded directly to the crown plates shall comply 
with Figures Xn/47, XII/48j XlI/49, XII/50 or XII/51, Such girders shall be 
welded to the crown plate prior to stress-relieving. 

Each girder shall be of sufficient strength to support its due proportion of the 
load on the crown plate independently of the crown plate, and the bolts or weld 
attachments shall have sufficient cross-sectional area to carry the applied load. 

The waterways between the underside of the girder and the crown plate shall 
be as large as practicable, but in no case less than inches deep. 
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552. Ousset stays.—Gus.set stays shall be flat and perpendicular to the end 
plates. Gusset plates shall not he .subjected to cranking or getting. 

653. Access.—At least one manhole or sight hole shall be provided in the upper 
part of the boiler, the dimensions being not less than those in Table Xir/2 for 
the given size of boiler:—• 

Tabi.e XII/ 2 . Dime-vsions of Manholes or Sight Holes. 

Diameter of boiler Minimum size of 

hole inch 


Boilers not exceeding 2 feet (md 6 inches . . . . . 9x7 

Boilers over 2 feet and 6 inches diameter and not exceeding 3 feet . . . 12x9 

Boilers over 3 feet diameter and not exceeding 3 feet and 6 inches . . . 14x10 

Boilers over 3 feet and 6 inches diameter and not exceeding 4 feet . . . 15 x ii 

Boilers over 4 feet ........ ... 16 x 12 


Where the size of construction of the boiler does not permit of entry for 
cleaning or inspection of all internal surfaces, cleaning holes sufficiently large 
and nurnerou.s .shall be provided for this purpose. The cleaning holes shall be 
not less than 3J inches X inches in size. 

One cleaning hole shall be provided opposite at least one end of each cro.ss- 
tube in a vertical crosstubc boiler. Whore the water tubes arc arranged in banks, 
an opening of sufficient size to permit of their replacement shall be provided. 

At the bottom of the narrow water space in vertical boilers where internal 
access is not possible, mud holes shall be arranged at equal distances round the 
circumference of the boiler not less in number than as given in Table XII/3. 

Table Xn/3. Number of Lower Clearing Holes or Mud Holes. 


Diameter of boiler No. of holes 


2 feet and over but not exceeding 3 feet ,, 3 

Over 3 feet and not exceeding 5 feet .. 4 

Over .5 feet and not exceeding 6 feet. .. 6 

Over 6 feet and not exceeding 7 feet and 6 inches. .. 6 

Over 7 feet and 6 inches and not exceeding 8 feet and 6 inches .. 7 

Over 8 feet and 6 inches and not exceeding 9 feet, .. 8 


Cleaning holes or mud holes in loco-tvpe boilers .shall be provided at each 
bottom corner or as nearly as possible in the corners of the outer fire box casing 
and at the top corners above flrehole opening and also at each corner of the 
saddle plate in line with the bottom of barrel. Smoke box tube plate shall be 
provided with a mud hole. 

A manhole shall be provided in the lower part of front end plates of Lancashire 
boilers and in similar boilers with Internal flues wherever practicable. 

554. Manhole frames, mouthpieces and doors. —Manhole frames, mouthpieces 
doors or cover plates shall be of mild steel. Frames shall be oval and whereof 
the flanged type shall be formed to b°d closelv to the shell and provide a flat 
jointing surface to the door. Alternatively, raised circular mouthpieces may be 
fitted externally and where of the flanged type shall be bedded closely to the shell, 

Whereycr practicable, the frame shall be attachd to the inside of the shell 
with the shorter axis parallel to the longitudinal centre line of the boiler, In 
all cases where the .shell thickne.s.s exceeds 9/16 inch, oval frames or circular 
mouthpieces shall be fitted. 

Doors shall be made from mild steel plate formed to bed closely to the Internal 
surface and shall be fitted with studs, each provided with an integral collar and 
screwed through the plate with a nut on the inside of the door or fillet welded on 
the inside, the length of the leg of the fillet weld being not less than one quarter of 
the diameter of the stud nr riveted on the inside of the door. Doors for openings 
larger than 9 Inches X 7 Inches shall have two studs, but for doors of size 9 inches 
X 7 Inches or less only one stud need be fitted; doors for openings not larger than 
5 Inches X 34 Inches may have the stud forged solid with the door. 

The cross bars shall he of substantial proportions and either solid steel forging 
or cast steel. Lugs may be sati.sfactorily welded to manhole doors for the attach¬ 
ment of the bolts. 
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The spigots of the door when it Is in a central position in the manhole shall 
have a clearance of not more than 1/16 inch all round. 

Oval frames and externally raised circular mouthpieces shall be cither:— 

(a) Formed in one piece without weld, or 

(b) Formed from a suitable rolled section and forge-welded, or fabricated 

by fusion welding, provided they are stress-relieved by heat-treatment 
after welding and before attaching to the boiler unless the whole 
boiler is to be subjected to heat-treatment on completion, 

Welds shall be positioned so that they are located on the transverse centre 
line of the boiler (See Regulation 566). 

The joining flanges of mouthpieces and covers shall be machined on the face 
and edges and on the bearing surface for the bolts. Bolts and nuts shall be 
machined where in contact vdth the flanges and the joints should be formed inside 
and outside the pitch line or pitch circle of the bolts to nreclude the possibility of 
flange distortion. Cover plates shall be dished outwards to a depth of approxi¬ 
mately one-eighth of the internal diameter of the frame. 

All edge.s shall be machined or flame-out by machine (Sec Regulation 541). 

Forms or manhole frames and attachments are shown in Figures XII/62, 
XII/63, XlI/54, XII/55 and XII/56. 

665. Seatings for mounttngB.—For pre.ssures not exceeding 125 pounds per 
square inch mountings with screwed ends not exceeding 1 inch may bo used; the 
screwed portion of any such mounting being an integral part thereof and the 
thickness at the bottom of the thread being not less than 3/16 inch. 

The mountings may be screwed:— 

Directly into the boiler shell plate, nuts being fitted on the waterside, or 

Into steel distance pieces the length of thread engaged being in no case less 
than the bore of the mounting plus 1 inch. 

The distance pieces shall be made from solid mild steel. Thev shall be screwed 
Into the plate and fitted with nuts on the water side. The walls of the distance 
pieces shall be not less than i inch thick at the bottom of the thread. 

Mountings may be attached directly to any shell or end plate where the plate 
is of sufficient thickness to allow a suitable surface to be obtained for the attach¬ 
ment of the boiler mounting. 

The minimum thickness at the hole in the shell or end plate shall be not leas than 
the thickness required for the maximum permissible working pressure considering 
the plate as being unpicrced. 

Where the boiler mountings are secured bv studs the studs shall have a full 
thread holding in the plate for at least one diameter. If the stud boles penetrate 
the whole thickn'^ss of the plate, the stud shall be screwed right through the plate 
and be fitted with a nut inside having a thickness enual to the diameter of the 
.stud. Where bolts are used for securing mountina they shall be screwed right 
through the plate with their heads In.slde the shell or end plate. 

(a) Standviv^s .—Where standpipes are used, the flanges shall be machined or 
flame-cut by machine on the edges. The bolting flanges shall be machined on 
the jointing and bolting surfaces. 

(b) Saddles .—Where saddles are used, the edges of the flanges shall be 
machined or flame-cut by machine. The iointing surface.s shall be machined. 
The studs for the attachment of the mountings, if screwed through the saddle, 
shall be fitted on the inside with nuts of full thickness. 

Where the stud holes do not oenetrate through the saddle.s the length of the 
screwed portion of the stud in the plate shall be not less than the diameter of 
the stud. I 

(c) Pads.—Where pads are used, the ioinlng surfaces shall be machined. The 
pads shall have sufficient thickness to allow the drilling of the stud holes for 
mountings without the inner surface being pierced and the length of the screwed 
portion of the stud in the pad shall be not less than the diameter of the stud. 
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(d) Attachment of Standpipes. —^The following constructions as to standpipes 
attached to shells and end plates shall be permissible: 

(i) When the internal diameter of the standpipe does not exceed 1 inch 
the standpipe may be screwed into the plate with a nut on the 
waterside. 

(li) Where the internal diameter of the standpipe exceeds one inch but does 
not exceed 2 inches, it may bo screwed in and seal-welded. 

(iii) Where the diameter of the standpipe exceeds 2 inches, it may be welded 

to Ibe end plate. ^ 

The foregoing provisions as to the standpipe attachment shall be regulated by 
the following conditions: — 

(1) When standpipes are screwed, the screwing shall be of standard pipe 
thread. 

(ii) Standpipes shall be attached by one of the methods shown in Figures 
XIl/M to Xll/89 or by any other method approved by the Inspecting 
Authority. 

fiii) Where the standpipes are fabricated by fusion-welding they shall be 
stress relieved by heat-treatment before attachment to the boiler 
unless the whole boUer is subject to heat-treatment on completion. 

(iv) Where the bore of the standpipe does not exceed 6 inches or the 

diameter of the opemng in tne shell does not exceed 6 inches plus 
twice the thickness of tne plate to which it is attached, the standpipe 
may be welded to the plate without subsequent heat-treatment of tne 
weld so made. If these limits are exceeded the whole plate to which 
the standpipe is attached shall be stress relieved by heat-treatment 
on completion of welding. 

(e) Attachment of pads. —Pads welded to the shell or end plate shall be welded 
internally and externally. 

Methods of attachment of pads shall be as shown in Figures XII/90, XII/91, 
or ^1/92. Where the bore of the seating does not exceed 5 mches or the diameter 
of the opening in the shell does not exceed 5 inches plus twice the thickness of 
the plate to which it is attached, the pad may be welded to the plate without 
subsequent heat-treatment of the weld so made. If these limits are exceeded the 
whole plate to which the pad is attached shall be stress relieved by heat-treatment 
on completion of the welding. 

(f) Attachtment of water and pressure gaupes. —Water gauges and pressure 
gauge syphons may be attached direct to the front end plate without the interven¬ 
tion of a pad or standpipe, provided they are flanged and secured by studs, if 
the studs are screwed through the plate, nuts of full thickness shall be fitted on 
the hiside of the plate. 

(g) Bolts and Nuts. —All holes for bolts and studs shall be drilled and bolts 
and nuts shall be machined where in contact with the flanges, 

556. Compensating plates.—Compensating plates shall be of mild steel and, 
before attachment, shall bed closely to the plates to which they are to be con¬ 
nected. Any welds therein shall be on the transverse centre line. 

657. Definition of the terms ‘Fusion Weld’.—The terms 'fusion weld’ Is, for the 
purpose of this chapter applicable to aU welded seams made by the metal are 
process with covered electrodes or by any other electric arc process in which the 
arc stream and the deposited weld metal arc shielded from atmospheric contami¬ 
nation, I 1 

The relevant provisions of this chapter shall also apply to the single run cr 
heavy run welding process and that welded boilers manufactured by that process 
shall comply with all regulations of this chapter excepting those in which 
divergence is necessary solely because of special requirements essential for the 
most efficient utilisation of that process. Thus all regulations governing quality 
of material construction, workmanship, and testing (both non-destructive and 
otherwise) are applicable. 

Where welded shells conforming to the regulations of this Chapter are made 
by single or heavy run process it shall be understood that Regulations 547, 558 
and 559 do not apply in their entirety. The method of making the welds shall 
be approved by the Inspecting Authority. 
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558. Method of Welding.—The seams shall be luslon-welded from both sides 
of the plate. The mam weld may be on either side of the plate, whichever is 
most convenient to the manufacturer. Before the second side of the plate is 
welded, the weld metal at the bottom of the first side shall be removed by 
grinding, chipping, machining or other approved method. 

Additional runs ol metal shall be deposited at both surfaces of the welded 
seams to ensure that the weld metal at the level of the surfaces of the plate is 
refined as far as possible. The surfaces of the welds which are to be subsequently 
radiographed shall thereafter be machined or ground so as to provide smooth 
contours and to be Hush with the respective surfaces of the plate. There shall 
be no under-cutting at the junctions. 

The positions of the welds shall be marked permanently to facilitate their 
location. 

When aflbeing standpipes, branchpipes, seatings, compensation plates, doubling 
plates or manhole frames, not less than two runs of metal shall be deposited at 
each weld. 

Each run of weld metal shall be thoroughly cleaned and freed from slag before 
the next run is deposited, 

559, Types of welded shell seams.—The longitudinal and intermediate circum¬ 
ferential seams shall be made with butt joints of the single or double 11 or V type 
(see figures XII/3, XII/4, XII/5 and XIl/6) or of any other type approved by the 
Inspecting Authority. End circumferential seams shall be in accordance with 
figures XII/7, Xll/a, Xll/9, XII/10, Xll/fl, or XII/12 or with any other form 
approved, by the Inspecting Authority. 

660, Repairs to welded seams.—(a) Any repair to a weld carried out by the 
manufacturer shall first be agreed to by the Inspecting Authority. 

(b) Where defects ai'e distributed over the whole length of the seam the total 

length of the portions which may be cut out from any one longitudinal or cir¬ 
cumferential seam to remove all defects shall not exceed 16 per cent, of the total 
length of the seam. , 

When, however, the defects are all located in a single continuous length 
which may be cut out to remove all defects shall not exceed 10 per cent, of the 
total length of the seam. 

Circumferential seams. —Where the length of weld metal cut out for repair in 
a circumferential seam exceeds the amount stated above the whole of the weld 
metal shall be removed and the seam re-welded. Hepresentative tests for a re- 
welded circumferential seam shall be provided when required by the Insnecting 
Authority. . ) 

Longitudinal seams. —Where the length of weld metal cut out for repair in 
any longitudinal seam exceeds the amount stated above, or the weld metal m any 
other way fails to comply with the requirements specified, the whqle of the weld 
metal shall be removed and the seam re-welded, provided that the original test 
plates are treated similarly or new plates of the same thickness as the joint and 
of similar quality of material are attached to the ends of the seam and re-welded 
with it. In either case the plates are to be tested in accordance with the appro¬ 
priate provision of Regulation 561 and the requirements for heat-treatment to 
be in accordance with Regulation 562. 

(c) Defect shall be cut out by chipping, machining or other approved 

methods. 1 i , i i . 

(d) Whenever a defective part has been cut out, the Inspecting Authority 

shall be notified so that, if necessary, an examination may be made before re- 
weldhig. I j , 

(e) In the case of Class I boilers all repaired areas shall be subjected to 
radiographic examination. 

(f) The boilers shall be heat-treated on completion of all welded repairs, 

561. Tests on welded seams.—(a) Test Plates. —Test plates to represent all 

welded seams shall be attached at each end of each longitudinal seam In tension. 
These shall be of a size sufficient for the preparation of the test pieces specified. 
In the case of shell plates up to and including 16 feet in length the test plate 
may be located at one end only (see Flpare XII/68). 'l^ere the shell Is formed 
in two or more rings, the staggered longitudinal seam shall be fegarded as a con¬ 
tinuous longitudinal seam provided the welding be effected in one reasonably 
continuous operation and by the same operator or operators. The material for 
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the test plates shall be cut from the respective plate or plates forming the appro¬ 
priate Seam, ! 1 

In the case of insufficient material being available on the shell plate to permit 
the cutting of test pieces, these shall be acceptable if they are made from 
another plate provided it is made trom the same cast, The test plates shall be 
stamped by the Inspecting Authority before being cut. 

The weld groove in the test plates .shall be similar to that adopted for the 
corresponding edges of the longitudinal scam, and the respective fusion faces 
shall be in continuous alignment. The lc.st plates may be reinforced or sup¬ 
ported during welding so that any relative displacement due to warping during 
welding does not exceed 6 degrees. The weld metal in the test plates and the 
seam shall be deposited continuously at the same operation. 

The weld in any test plate shall not bo repaired. If any defects are revealed 
in the weld metal of a test plate the position of this shall be clearly marked op 
the plate and the test pieces shall be selected from such parts of the test plates 
as may be decided by the Inspecting Authority. 

Test plate.s warped during welding by not more than 5 degrees may be 
straightened before heat-treatment. For the heat-treatment of the test plates 
see Regulation 562. 

Where there are circumferential seams only or where the method of welding 
the circumferential searp.s differ from that employed for the longitudinal seams, 
the method of providing the test plates shall be decided by the Inspecting 
Authority. 

fbl Test for Class 7 Boilers .— (i) Specimens for the following testa shall be 
selected from the test plate or plates and stamped by the Inspecting Officer for 
identification (see Figures XTT/58 and XII/59): 

One tensile test specimen for the vvelded scam. 

One all weld metal tensile test specimen.. 

Two bend tost specimens. 

Two impact test specimens. 

One specimen from each test plate lor macro and micro examinations. 

The dimensions of the .specimens shall be in accordance with th» sketches in 
Figures XII/60, XTI/62, XIT/63 .and Xn/64. The remainder of the test plates 
shall be retained for re-te.st.s if required. Any specimen for re-test shall be cut 
from the same test plate a.s the original specimen. Specimens representing weld¬ 
ed seams shall, if necessary, be straightened cold before the commencement of 
machining. Tensile and bend specimens shall, if practicable, he of the full plate 
thickness, Surfaces of tensile, bend and Izod specimens corresponding with the 
outside or inside of the boiler shall be lightly dresser! only so lh.at the rolled 
surface of the parent metal is not wholly removed. Where the rolled surfaces 
of the abutting plates are not level with one another, one plate mav he machined 
at each f.scp of the weld SO long as the depth of the metal removed does not 
exceed 1/32 inch. 

(ii) Tensile te.sts,—Two test specimens .shall be prepared. 

The first specimen shall be cut out transversely to the welded seam, and when 
the capacity of the testing machine does not allow the full thickness of a single 
sDccimen to be tested, iwo narrower tensile specimens shall be .substituted. These 
specimens shaU be of the full thickness of the plate at the welrled ioint and their 
breadth shall be as groat as the testing machine will ■ easonahlv allow, providing 
the effective cross sectional area of the test piece is not less than li square 
inches. (See Figure XtI/60. Specimens la and lb"). The tensile strength shall 
not be less than the lower limit specified for the plate. 

The second .specimen shall consist entirely of deposited metal and shall be cut 
nut longitTidlnally from the seam (see Figure X 1 I/G 3 ). The tensile strength shall 
not be less than the lower limit speciflerl for Ihe plate. The elongation shall not 
be less than 20% on a gauge length of four time.s the square root of the cross 
sectional area of the .specimen, and the reduction in area not less than 35%. 

Ciii) Cold hend tests.—Two bend tests shall be made. 

One. specimen shall be tested with Ihe outer surface of the weld in tension, 
and the other with the inner surface in tension. The specimens shall be rect¬ 
angular in .section and shall be cut out transversclv to the weld so as to have a 
width not less than one-and-a-half time.s Ihe thickness of the plates. The sharp 
corners of the specimens shall be rounded to a radius not exceeding 10% of the 
thickness of the .specimen. 
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Where the plate thickness does not exceed li inches, the thickness of the 
specimen shall be equal to the full thickness of the test plate. Where the plate 
thickness exceeds IJ inches, the specimen shall in all cases have a thickness of at 
least li Inches. The specimen to be tested with the outer surface of the weld in 
tension shall be prepared by cutting to waste the metal local to the inner surface 
of the weld, so that the desired specimen thickness is obtained (see A, Figure 
XXI/64). 

The specimen to be tested with the Inner surface In tension shall be prepared 
by cutting to waste the metal local to the outer surface of the weld so that the 
dc.sircd specimen thickness is obtained (see B. Figure XII/64). Where the thick¬ 
ness of the plate permits, both specimens may be cut from the same piece of plate, 
the specimens being located in the plate one above the other (see C, figure 
XII/64). Each specimen shall be mounted with the weld midway between the 
supports set a^jart at a distance of not more than 5:2 times the thickness of the 
specimen and pushed through the supports with a former having a diameter equal 
' to three times the thickness of the specimen. 

On completion of the test no crack or defect at the outer surface of the speci¬ 
men shall be greater than 1/16 inch measured across the specimen or i inch 
measured along the length of the specimen. Premature failure at corners of the 
.specimen shall not be considered cause for rejection. 

(iv) Impact teats. —-Two rectangular specimens shall be cut out transversely to 

the welded Joint and they shall conform to the dimensions shown in Figure 

Xir/02. I 

One specimen shall have the notch cut at the middle of the outer surface of 
the weld, and the other at the middle of the inner surface of the weld. 

the tests shall show a minimum Izod Impact test value of 20 foot pounds, the 
test being carried out at a temperature between 60“C (122“F) and 100°C 

( 212 ^). 

(v) Macro and Micro examinations. —A specimen the full thickness of the 
plate and not less than half-an-inch wide shall be provided from each set of test 
plates for the purpose of macro and micro examinations. 

(vi) Additional Tests before rejection. —Should any of the test specimens taken 
in accordance with this Regulation fail to meet the specified requirements, re¬ 
tests shall be allowed for each specimen that fails as follows: — 

Where any result of the tensile test is not less than 90% of the specified figures 
one re-test shall be made. 'W^ere any result falls below 90%, two re-tests shall 
be made. 

Where a bend specimen fails to meet the specified requirements, two re-tests 
shall be made. 

If an impact test fails to meet the specified requirements, two re-tcsts shall be 
taken from the test plate, one on each side of the original specimen and separate 
from it by not more than 5 millimetres. 

If it be found there is Insufficient metal to permit the preparation of specimens 
for re-te.st from the remainder of the test-plate from which the original specimen 
was taken, the spyeclmen for re-test may be cut from the test plate relating to the 
opposite end of the same longitudinal seam. 

Should any of the additional tests fail to meet the specified requirements the 
welded seams represented by these tests shall be rejected. 

(vii) Specimens after test. —If required the specimens after test shall be at the 
disposal of the Inspecting Authority for examination, 

(viii) Radiographic examinations .—^Every portion of the longitudinal and cir¬ 
cumferential butt-welded scam.s of the shell of the boiler shall be subjected to 
radiographic examination. 

The methods employed in obtaining the radiographs shall be such as to show 
clearly differences equal to 2% of the thickness at the welded Joint. To deter¬ 
mine whether this re.sult is being attained an Indicator of approved form which 
includes a portion equivalent to not more than 2% of the joint thickness shall 
be placed in the vicinity of the weld so «S to make a record on each radio¬ 
graph, 
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Each section of every weld shall be marked so that the radiographs can be 
easily correlated to the particular part of the seam represented. 

The examination shall be made from the original films and the acceptability 
®f the welds shall be decided by the Insi^cting Authority. The welds deemed 
unsatisfactory shall be rejected or dealt with under the condition of Reculation 
560 and be radiographed again, The films shall be retained by the manufacturer 
for a reasonable period for reference and be available to the Inspecting Authority 
if required. 

(c) Test for Class 11 Boilers. —(i) From each longitudinal seam test pieces 
shall be selected for the following tests and stamped by the Inspector for identi¬ 
fication. 

From the test plate or plates:— 

One tensile test specimen for welded seam. 

One bend test specimen. 

One reverse bend test specimen. 

One nick-break test specimen. 

The disposition of the specimen shall be in accordance with the sketches in 
Figure XII/65. The remainder of each teat plate shall be retained for re-tests if 
required. 

(ii) Tensile test .—^The dimensions of the test specimen shall be in accordance 
with the sketch in Figure Xn/60. Specimen la, and the specimen shall be cut out 
transversely to the welded seam. When the canacity of the available testing 
machine does not allow the full specimen to be te.sted, two narrower tensile sneci- 
mens shall be substituted. These specimens shall be the full thickness of the 
plate at the welded joint and their breadth shall be as great as the testing machine 
will reasonably allow, provided the effective cross sectional area of the test 
piece is not less than H square inches (see Figure XII/60 Specimen 1b). The 
tensile strength of the welded .joint specimen shall be not less than the lower 
limit specified for the plate. 

(Hi) Cold bend tests .—Two bend tests shall be made, 

One specimen shall be tested with the outer surface of the weld in tension, 
and the other with the in,ner surface in tension. The specimens shall be rect¬ 
angular in section and shall be cut out transversely to the weld so as to have 
a width not less than one-and-a-half times the thickness of the plate. The sharp 
corners of the specimens shall be rounded to a radius not exceeding 10 per cent of 
the thickness of the specimen. 

The specimen to be tested with the outer surface of the weld in tension shall 
be prepared by cutting to waste the metal local to the inner surface of the weld, 
so that the desired specimen thickness is obtained. (See A. Figure XII/64). The 
.specimen to be te.sted with inner surface in tension shall be prepared by 
cutting to wa.ste the metal local to the outer .surface of the weld so that the 
desired specimen thickness is obtained. (See B. Figure XII/64). Where the 
thickness of the nlate permits both specimens may be cut from the same piece 
of plate, the apecim?ns being located in the plate one above the other. (See C. 
Figure XII/64). 

Each specimen shall be mounted with the weld midway between the supports 
set apart at a distance of not more than 5*2 times the thickne.ss of the specimen 
and pushed through the supports with a former having a diameter equal to three 
times the thickness of the specimen. 

On completion of the test no crack or defect at the outer surface of the specimen 
shall be greater than 1/16 inch measured across the specimen, or i inch mea.sured 
■along the length of the specimen. Premature failure at corners of the specimen 
.shall not be considered cause for rejection. 

(iv) Niclc-hrcali specimen .—This .specimen shall have a width not le.ss 
than one-and-a-half times its thickness and the slot shall be cut in each side of the 
specimen through the centre of the weld and perpendicular to the outer face of 
the boiler. 

The specimen shall then be broken in the weld and the fracture shall reveal 
a sound homogeneous weld substantially free from slag inclusions, porosity and 
coarse crystallinity. 
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(v) Additional tests before rejection. —If ;iny of the test specimens should 
fail, two re-tests shall be made and both shall meet the specifled requirements, 

(vi) Specimen after tests. —If required sp-. imens after tests shall be at the 
disposal of the Inspecting Authority for examination. 

(d) Test for Class III Boilers. —Specimens for the following tests shall be 
selected from the tost plate or plates and stamped by the Inspecting OfRcer for 
indentification. 

1 . One forward bend test. 

2 . One reverse bend test. 

562 . Heat Treatment.—-All boilers shall be stress relieved by heat-treatment 
after completion of all welding and before hydraulic test, when 

(a) Constructed to class I or class II requirements. 

(b) The shell thickness in thirty seconds of an inch exceeds D , , _ 

Internal diameter of the shell in inches. -I-7 where D= 

The heat treatment furnace should be .sufficiently large to accommodate the 
whole boiler. The furnace temperature shall be slowly raised to between 600 “C. 
and 6 . 50 ^C, and the boiler shall remain until it has uniformly reached this tem¬ 
perature which shall be maintained for a period of not less than one hour per 
Inch of plate thickness. The boiler should iDe allowed to cool slowly in the 
furnace but if withdrawn shall be effectively screened from draughts. 

During heat treatment the official test plates shall be inside the boiler. Where 
the shell is subjected to a primary stress relieving treatment identical to the final 
heat treatment to be given to the boiler, the test plates may be placed inside the 
shell during primary treatment and thereafter cut up and tested without waiting 
for the final treatment of the boiler. 

Where the shell is not subjected to primary stress relieving treatment or is 
subject to a primary stress relieving treatment which is not identical with the final 
heat treatment the test plates may be placed inside any other boiler of comparable 
dimensions which is to be heat treated in accordance with this Chapter. 

Temperature charts shall be submitted to indicate that the test plates and the 
boilers thev represent have been subjected to identical heating, soaking and cool¬ 
ing treatment. 

Alternative procedure for the heat trerUment of any boiler may be .submitted 
to the Inspecting Authority fer approval. 

563 , Classification of Fusion-Woldcd Boilers — The boilers covered by this 
Chapter shall he classified jn accordance with Tabic XII/ 3 f, 


Table XII/j 

Classification of Fusion-Welded Boilers 


Classification 

Limits of application 

1 Minimum thickne.^s 

Class I 

No limit 

J inch. 

Class II . 

When the following limits are not exceeded: 
(a) Working pressure—105 pounds per 
sq, in. 

(&) Working pressure in pmmds per sq. 
in. multiplied by internal diameter 
in inches=5250. 

Boilers upto and including 

36 inches Internal diame¬ 
ter—5/16 inch. 

Class III , 

When the following limits arc not exceeded : 
(a) Working pressure—30 ibs/per sq. in. 
(h) Working pressure multiplied by in- 

Boiler over 36 inches internal 
diameter—3/8 inch. 


tcrnfll diameter in inches=3000. j 
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564. Shells.—The working pressure of the cylindrical shell shall be deterrnined 
by the following formula: 

(t—2) S C 

WT"’ —^———■. Equation XII/i 

D 

where— 

t is minimum thickness of shell plate in thirty-seconds of an inch. 

WP is working pressure in pounds per square inch. 

D is maximum internal diameter in inches. 

S is minimum tensile strength of plate in tons per square inch. 

, C is a constant, as given below. 

In no case, however, shall the factor of safety of the shell be less than 4 or 
the plate thickness be less than specified in Table XII/3 given under Regulation 
663. 

C0.32 where Class I requirements are complied with. 

C=27 where Class II requirements are complied with. 

C»“23 for Class III boilers when stress relieved. 

C*“2i for Class III boilers when not stress relieved. 

Where boilers have a nest or nests of horizontal tubes, so that there is a direct 
tension on the tube plates due to the vertical load on the boiler ends or to tube 
plates acting as horizontal ties across the shell: 

(i) each alternate tube in the outer vertical row of tubes shall be a stay tube. 

(ii) the thickness of the tube plates and the spacing of the tubes shall be 
such that the section of metal taking the load is sufficient to keep the stress 
within that allowed on the shell plate, as determined by the following formula:— 

(t-2) S J 

^ WP ..Equation XII/2 

29 D 

where— 

t is thickness of the tube plate in thirty-seconds of an inch, 

WP is working pressure in pounds per square inch. 

S is minimum tensile strength of plate in tons aer square inch, 

D is twice the radial distance of the centre of the outer row of tube holes 

from the axis of the shell in inches. 

J is the percentage strength of the plate through the tube holes, i.e,, 

100 (p— d) 

.... Equation XII/3 

P 

p is the vertical pitch of tubes in inches. 

d i.s the diameter of the tube holes in inches. 

Note—The lube plates between the stay tubes shall comply with the require¬ 
ments for tube plates (sec Regulation 677). 

665. Horizontal shelves of tube plates forming part of the shell.—The number 
of gussets required to support the horizontal shelves of tube plates to withstand 
the vertical load due to the pressure on the boiler ends shall be determined In 
the following manner:— 

For combustion chamber tube plates the minimum number of the gussets shall 
be— 

Where C exceeds 4560.i gusset. 

Where C exceed? 6240.. 2 gussets. 

Where C exceeds 7440 ......... 3 gussets. 

For the smoke box tube plate the minimum number of gussets shall be;— 

Where C exceeds 4560 ......... I gusset. 

Where C exceeds 8400 ' ... , 2 gussets. 

ADP 

.Equation XII/4 


and C 


t 
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where— 

A ia maximum horizontal dimension ot the shelf from the inside of the shell 
plate to the outside of the tube plate in Inchea. (See Figure XIT/Pl.) 

D is inside diameter of the boiler in inches. 

P is working pre.ssure in pound.s per square inch, 
t is thickness of tube plate in thirty-second.-; of an inch. 



Ay//?/. 


The shell to which the sides of the tuhe Dlste<i at’a prvnncii'+iiri 

thicker than is required by the formula applicable to shell 
plates with contmuous circularity; and where gussets or other stavs are not 
fitted to the the stren^h of the parts of the circumferential seams at 

the top and bottom of these plates from the outside of one tube toate to the 
outside of the other, shall be sufficient to withstand the whole load cm the boiler 
end, with a factor of safety of not less than 4'5. 

569. Dtehod end plates for Lancashire and Comkh boilers—For the dished 
ends of Lancashire and Cornish boilers without stays and sub.lect to Internal 
fcmmula*-—«ia^™um working pressure shall be determined 'by the following 


(t—8) 30 X S 


..EqiiationJXII /5 


where— 

t is minimum thickness of the end plate in thirty-seconds of an inch. 

WP is working pressure in pounds per square inch. 

R Is inner radius of curvature of the end plate in inches. 

S is minimum tensile strength of the plate in tons per square inch. 

The Inner radius of curvature of the end plate shall not exceed li times the 
external diameter of the .shell to which it Is attached. 


The inner radius of flanging of the end plate shall be not less than 4 times 
the thickness of the plate but In no case less than 2J inches. 

Where the end plate has a manhole, compensation shall be obtained by flanging 
the edge of the opening or by providing a fabricated ring (see Figure XII/62). ’ 

In either case the depth of the flanging or ring measured at the minor axis 
shall not he less than that determined by the following formula;— 

D= VTW" . Equation Xir/6 

where— 

D is depth of flange or ring in Inches—measured from the outside of the plate 
to the Joint face. 

T Is thickness of the plate in inches. 

W is width of the opening In Inches—measured on the minor axis. 
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567. Dished ends subject to Internal pressure.—For unstayed, ends of shells 
and tops of vertical boilers and the like boiler parts, when dished to partial 
spherical form the maximum working pressure shall be determined by the 
lollowing formula;-— 

15 X S X (t—I) 

WP ■= ..Hqustion XII /7 

R 

WP is the working pressure in pounds per square inch. 

t is thickness of the end plate in thirty seconds of an inch but in no case 
this shall be less than the thickness of the shell to which it is attached. 

R is the inner radius of curvature of the end in inches, which shall not exceed 
the external diameter of the shell to which it is attached. 

S is the minimum tensile breaking strength of plate in tons per square Inch, 
or whatever is allowed for it. 

(b) The inside radius to which a crown plate is dished shall be not greater 
than the external diameter of the cylinder to which it is attached. 

(c) The inside radius of curvature of the flanges to the shell shall be not 
less than 4 times the thickness of the crown plate and in no case less than 21 inches. 

(d) The inside radius of curvature of flanges to uptakes shall be not less than 
twice the thickness of the crown plate and in no ca.se leas than 1 inch. 

(e) When the end has a manhole in it (t—5), shall be substituted for (t—1) 
in the formula. 

(f) The total depth of flange of manhole from the outer surface in inches 
measured on the minor axis shall be at least equal to— 

VT X W depth of flange in inches.Equation XII /8 

where T is the thickness of the plate in inches and W is the minor axis of the 
hole in inches. 

(g) The depth of the crown plate opening from the commencement of the 
curvature of the flanging radius shall be ijot loss than twice the plate thickness 
with a minimum of one inch. 

568. Dished ends subject to external pressure—In the case of unstayed dished 
ends for the coeflicicnt 15 in Equation XII/7, the coefficient 12 shall be substituted, 
and R shall be the outer radius of the curvature of plate, which shall not exceed 
the external diameter of the shell to which it is attached. 

For plates exposed to furnacc-flame the coefficient shall be 10’6. In no case 
R 

shall — exceed a- 75 . 
t 

The inside radius of curvature at the flange shall be not less than 4 times 
the thickness of the end plate and in no case less than 2J Inches. 

The inside radius of the curvature of the flange to uptake shall bo not less 
than twice the thickne.s.s of the crown plate and in no case less than one inch. 

569. Hemispherical crowns.—The maximum working pressure for hemispherical 
crowns subjected to internal pressure shall be determined by the following 
formula:— 

(t—3)S X C 

^..Equation XII /9 


t is thickness of plate in thirty-seconds of an Inch. 

WP is the working pressure in pounds per square inch, 

R Is Inndr radius of curvature in inches. 

S. is minimum tensile strength of the plate in tons per square inch. 

C is a constant, as given below. 

In no case, however, shall the factor of safety of the crown plate be less than 4 
nOr the plate thickness be less than specified in Table given under Regulation 663. 

C=32 where Class I requirements arc complied with. 

C'^27 where Class II requirements arc complied with. 

C”23 for Class III boilers when stress rclioved. 

C-=2i for Class HI boilers when not stress relieved. 

570. Manholes and. other openings in shells,—Manholes and other openings in 
shells shall be placed as far as possible from any seam. Wherever practicable 
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oval openings shall be arranged with the minor axis parallel with the longitudinal 
centre line of the boiler. In no case shall the circumferential length of any 
opening exceed twice the longitudinal width of the opening. 

671. Compensation for openings In shells.—Where the width of any opening 
(measured in a direction paraliei to the longitudinal axis of the boiler) exceeds 
two-and-a-hall times the thickness of the shell plate in inches plus 23 inches, 
compensation shah, be provided. 

(a) Area to be compensated, —^Tho area to be compensated shall be the product 
of the maximum width of the opening cut in the shell and the thickness of an 
unpierced seamless shell of similar material calculated by Equation XII/I with 
constant C=35 for the same working pre.ssure. 

(b) Compensating area. —Compensation shall be considered adequate when the 
sum of the following areas is not less than the area to be compensated;— 

(i) The area obtained by multiplying the difference between the actual 
thickness of the shell and the thickness required for an equivalent unpierced 
seamless shell by a length 2 (3 inch + Ts), where Ts Is the actual thickness of 
the shell plate in inches. 

(ii) The net cross sectional area of the frame or pad. or in the case of a 
branch the cross sectional area of the wall of the branen minus the sectional 
area of a branch of the same bore having thickness equal to that calculated by 
Equation XII/I for the same working pressure (with constant C=35 if seamless), 
plus the thickness required to withstand external loads. The areas shall be 
mea,surad within limits such that (a + b) in Figure XlI/66 does not exceeu 
4 inches. 

Where the material of a frame, pad or branch has a tensile strength which 
differs from that of the shell to which it is attached, the compensating area shall 
be multiplied by the ratio; 

T ensile st rength of compensat ing part. 

Tensile strength of shell plate. 

(iii) The cross sectional area of the welding fillets. 

(c) Compensating plates. —In cases where llie sum of (i), (ii) and (iii) is less 
than the area to be compensated a compensating plate shall be welded to the 
shell, its total cross sectional area being equal to the amotmt of the deficit and 
due allowance being made as above when the tensile strength of the material 
of the plate differs from that of the shell. 

Notwithstanding compliance with the requiretnents of paragraph (b) how¬ 
ever, a reinforcing plate shall be fitted around all branches of 4 inches bore and 
over welded to shell plates having a thickness of a inch or less. 

The compensating plate may be fitted on the inside or outside of the shell 
plate as most convenient and its diameter shall not exceed twice the longitudinal 
width of the opening in the shell. 

(d) Figure XII/06 shows a welded branch to which foregoing requirements 
apply where, 

W is width of the opening in the shell in inches. 

Ts is actual thickness of shell in inches. 

Tl is thickness of an equivalent unpierced seamless shell calculated by 
Equation XII/1 with C=36, In inches. 

Tn is actual thickness of branch in inches. 

T2 is minimum thickness of body of branch calculated by Equation XII|I 
(with C=35 If seamless) in inches. 

T3 is thickness required to withstand external loads In lnche3=:l/8 Inch unless 
the loading Is known to be such as to require a greater thickness and is =0 where 
there is no external loading. 

Tc is minimum thickness of compensating plate in inches. 

51 Is minimum tensile strength of shell ^ate in tons per square inch. 

52 is minimum tensile strength of branch in tons per square inch. 

53 Is minimum tensile strength of compensating plate in tons per square inch, 

w Is width of compensating plate in inches measured in the same plane as 

the shell opening. 

Area to be compensated, 

A^WXTI 
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Compensating area. 

(i) Portion of shell available for eompensatlon; — 

B=2(3 + Ts) (Ts—Ti) 

(il) Portion of branch available for compensation;— 

S. 

C=2 (4+T8) [Tn—(Tj+T,l] X — 

84 

(111) Portion of welds available for compensation; — 

D—Total cross sectional area of the internal and external welding flllets. 

Jf A Is greater than (B + CfD), additional compensation Is required to make 
up the difference. In the example shown In Figure XII/6G this Is provided by 
means of a compensating plate, the total compensating area being such that 
(B bC i-D)+Z Is not less than A where— 

Sa 

Z^axwxTcX — 

Si 

,‘572. Raised manhole framc.s, cover platen and Joint bolts.—Raised circular 
manhole frames not exceeding 10 Inches in dlaineler shall not be less than J inch 
thick in all parts. 

The circular cover plates and joint flanges for such frames shall be not less 
than— 


1 Inch thick for pre.s.sures not exceeding 120 pounds per square Inch. 

IJ Inches thick for pressures exceeding 120 pounds per square Inch but 
not exceeding 200 pounds per square inch. 

U Inches thick for pressures exceeding 200 pounds but not exceeding 
260 pounds per square inch. 

For pressure exceeding 250 pounds per square Inch, raised circular manhole 
frames shall not be fitted. 

The cover plates shall be secured by at least sixteen steel bolts not less than 
1 tnch diameter, such that the stress in the bolts due to steam pressure shall not 
exceed— 

6,000 pounds per square Inch for 1 inch bolts. 

fi,000 pounds per square inch for IJ Inches bolts. 

8,500 pounds per square inch lor IJ inches bolts. 

For the purpose of calcul.ntion the pressure shall be assumed to act on the 
whole area within the pitch circle ot the bolts and the bolt area at the bottom 
of the screw thread shall b'' taken. 

673.—Standpipes.—The thickness and bolting of all flanges Jolnlr^ niountlngs 
shall be not less than that required by Anpendix E, “Tables of Pipe Flanges”, for 
ibe appropriate pressure, but In no case .shall the thickness be less than J Inch. 

(ai For pressures up to 360 pounds per square tnch the minimum thickness of 
.standpipes fabricated by fusion welding .shall be determined by the following 
formula: — 

t=D + 6 .Equation XII/10. 


where 

t is thickness of standpipe in thlrt.y seconds of an inch. 

D is external diameter of .standpipe in Inches. 

Solid forged standpipes shall have a minimum thickness of flange and body 
In accordance with Table XII/ 4 , 
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Tablii XII/4 

Thickness of solid forged standpipes 


Bore of 
Standpipe 

Minimum thickness 



Design pressure upto 
and including 160 

pounds per square inch 

Design pressure above 
160 and upto and includ¬ 
ing 260 pounds per sq. 
inch 

Design pi 
260 upto 
Ing 3 fio pou 
inc 

cssure above 
and includ- 
nda per square 
h 


Flange 


Flange 


Flange 



joining 

Body 

joining 

Body 

joining 

Body 


boiler 


boiler 


boiler 


inches 

inches 

inches 

inches 

inches 

inches 

inches 

1 

7 ; 16 

3/8 

1/2 

3/8 

3/4 

3/8 

I ^ 

7/ifi 

3/8 

1/2 

3/8 

3/4 

3/8 

1 1 

7/16 

3/8 

r /2 

7/16 

3/4 

1/2 


7/16 

3/8 

9/16 

7/16 

3/4 

1/2 

2-1 /2 . 

7/16 

3/8 

9/16 

7/16 

7/8 

5/8 

3 

9/16 

7/16 

5/8 

1/2 

7/8 

5/8 

3 - 1/2 . 

9/16 

• 7/16 

5/8 

1/3 

7/8 

5/8 

4 

9/16 

7/16 

5/8 

1/2 

7/8 

5/8 

4 - 1/2 . 

9/16 

7/16 

5/8 

1/2 

7/8 

5/8 

5 

5/8 

9/16 

3^4 

5/8 

7/8 

5/8 

<S 

5/8 

9/16 

3/4 

5/8 

7/8 

5/8 

7 

5/8 

9/16 

3/4 

5/8 

7/8 


8 

5/8 

9/16 

3/4 

5/8 

7/8 


9 

5/8 

5/8 

3/4 

5/8 

7/8 

5/8 

10 

5/8 

5/8 

3/4 

5/8 

7/8 

5/8 


Pressed plate saddle 

Pressed plate saddle 

Pressed plate saddle 


5/8 inch 

3/4 inch 

7/8 inch 


(b) Where a double flanged standpipe Is tapered, the thickness of the flange 
Joining the boiler shall correspond to the bore at that flange In accordance with 
Table XIT/4. 

Note. —It may be necessary to increase the’ thickness obtained from Table 
XII/4 or Equation XII/10 to allow for external loading- 

574. Stayed flat surfaces (other than crowns of vertical boilers).—(a) Where 
flat end plates are flanged for connection to the shell, the inside radius of flanging 
shall be not less than 1 ■ 75 times the thickness of the plate with a minimum of 
IJ inches. 

(b) Where combustion chamber flre-box plates are flanged for connection 

to the wrapper, the Inside radiu.s of flanging shall be equal to the thickness of the 

plate, with a minimum of 1 inch. 

(c) Where the flange curvature is a iwint of support, this shall be taken at the 
commencement of curvature, or at a line 3i times the thickness of the plate 
measured from the outside of the plate, whichever Is nearer to the flange. 

(d) Where a flat plate is welded directly to a shell or wrapper, the point of 

.■support shall be taken at the Inside of the shell or wrapper. 

(e) The working pressure of flat plates supported by stays, shall be determined 
nv the following formula; 

wr- 


A*+B« 


Equation xn/11 
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where 

t is thickness ol plate in thirty-seconds ol an men. 

WP is working pressure in pounds per square Inrn 
A is horizontal pitch of stays in Inches. 

B i.s vertical pitch of the stays in inches. 

C Is Constant, as given below. 

The constants given below relate to plates which are stress relieved and not 
exposed to flame. 

When plates are exposed to flame the constants shall be reduced by 12i per 
cent. 

Where various forms of support are used Constant C shall be the mean of the 
values for the respective methods adopted. 

Where stays are irregularly pitched, D- .shall be taken Instead of + 

E» bcinj, the dlamete. hi mcnes, oi the largest circle which can be drawn with 
the circumference passing through three points of support without enclosing 
another point of support. No more than two points of .support may be located on 
one side of any diameter of the circle. 

The value of the Constant C in Equation XII/11 shall be as follows; 

(it Whore stays are screwed through the plates and, In addition, are lillet 
welded to the plates on the outside, the size of the weld being 0-26 of the diameter 
of the screwed portion of the stay (see Figure XII/39). 

C=67. 

(ii) Where stays are screwed through the plates and, In addition, are flUet 
welded to the plates on the outside the .size of weld being O'35 of the diameter 
of the screwed portion of the stay (see Figure XII/40). 

C=80 

(ill) Where plain .stays are strength welded Into the plates (see Figure 
Xn/41i. 

C=80 

(iv) Where plain bar stays pass through holes in the plate.s and are secured 
as .shown in Figure Xn/42. 

C=:9# 

(v) Where plain bar stays pas.s through holes in the plates and are fitted on 
the outside with washers and are secured as shown In Figures Xn/43(a), XII/43(b). 

C=100 

(vl; Where plain bar stays pass through holes In the plates and are fitted on 
the outside with washers as shown In Figures XII/44(a), Xn/44(b), Xn/45(a) and 
XIl/45(b). 

c=no 

(vil) Where plain bar stays pass through holes in the plates and are fitted on 
the outside with wa.shers as shown In Figures XII/46(a), XII/46(b), 

C=120 

(vlli) Where the flat plate i.s flanged for attachment to the shell, flue or 
wrapper [see Sub-regulation c above]. 

C=110 

(ix) Where the flat plate Is welded directly to the shell, flue or wrapper 
[See Sub-regulation d above.] 

C=1I0 

(x) Where the support Is a gusset or link stay. 

C=80 

(xi) For the lower portion of the front end plate of a Lancashire boiler con¬ 
taining the manhole, the values of D and C to be used in Equation XII/11 shall 
be us follows: — 

D=dlaihetei hi inches of the i-srge.st circle which can be drawn enclosing 
the manhole and pa.ssing through the points of support formed by the gusset slays 
and the connections to the shell and furnaces. Where the circle passes througn 
only three of the pos.sible five pnint.s of support mentioned, tno remaining tv/q 
shall be Included within the circle. 
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C=300 

(xll) In Cornish hollers where It Is necessary to strengthen the portion of 
the end plate outside the wing gussets, suitable section stiffeners shall he 
secured to the plates by full fillet welds within the circle D, and the appropriate 
constant C shall be increased by .lO per cent. The stiffener.s shall be placed In 
such a position, and the section used shall he such, that: — 

(1) The unstayed area will be approximately equally divided, 

(ii) The load will be transmitted at each end as directly as possible to the 
gusset stays or other supporting boundaries. 

(lUl The thickness of the vertical rib of any tee bar stiffener shall be not 
less than the thickness of the end plate. 

(f) In the case of smaller boilers where the end plates are supported in the 
steam apace by a single sub.stantial tee bar (continuously fillet welded to the plate 
with not less than 3/8 Inch, fillet weld?) extending across the plate to the 
commencement of curvature of the flange or the toe of the fillet weld securing 
the end plate to the .shell, or where such plates are supported with a deep bulb 
extending across the plates os do.scrlbed above, the thickness of the plate shall be 
determined by Equation XlT/11 Ihe values of D and C beln.g ns follows: — 

(1) For the portion of the plate above the stiffeners: 

D is diameter in Inches, of the large.st circle passing through the centre of 
the +ee or bulb and the commencement of flange curvature or the 
Inside of t^e shell, whichever Is applicable: 

C=:80 

(ii) For the portion of the plate below the stiffeners: 

D i.s diameter in Inches of the circle pas.slng through the centre of the tee 
or bulb and two adjacent screwed stays; 

C=55 


or 

D Is diameter in inches of the circle passing through the centre of the tee 
or bulb and the centre line of the top row of txibcs; 

0=35 

57,1. Flat crown plates for vertical boilers.—Flat crown plates shall be supported 
by the uptake and/nr bar stays. The inside radius of curvature of the flange to 
the shell or firebox shall be not less than four times the thickness of the plate and 
in no case le.ss than 2J inches where the plate is flanged for attachment to the up¬ 
take the ln.slde rndlus of curvature of the flange shall be not less than twice the 
thickness of the r’late and in no case less than 1 inch. The thickness of flat crown 
plates shall be determined by Equation XII/11, being substituted for 
(A* l-B*), and C being defined as follows: 

Where the crown plate Is supported by an uptake only D Is diameter of the 
largest circle which can be drawn between the connections to the ,shell or Arc box 
and uptake, in Inches (see Regulation S74 a, b, c, d). 

C=56 

Where bar .stays are fitted in accordance with Regulations 587 and 588, D iS 
diameter of the largest circle which can be drawn through support, in Inches, 

C Is the mean of the values for the respective point of support through which 
the circle pa: .ses (see Regulation 574), 

576. Wide water spaces between and around lube nests,—Except as specified 
^n Regulation 577 stay tubes shall be fitted in the moe nest. The working pressure 
of the tube plate In the wide water .space between tune nests shall be determined 
by the following formula; 

C(t—1)> 

WP— ..Equation XII/I 2 

A’+B* 


where 

t Is thickness of the tube plate in thirty-seconds of an inch. 

WP Is working pressure In pounds per square Inch. 

A is width of the wide water space between the tube nests In Inches (measured 
at the centre line of the stay tubes), ' 

B is pitch of the stay tubes in the boundary rows of the wide water space, m 
Inches. 
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Where the stay tubes are welded to the tubcplates In accordance with Figure 
Xn/67 or XII /68 with tubes lightly expanded before welding; 

C=56 If the plates are exposed to flame. 

C—64 jl the plates are not exposed to flame. 

Where the stay tubes are welded to the tubeplates in accordance with Figure 
XII/69 with tubes lightly expanded before welding: 

C=70 if the plates are exposed to flame, 

C=80 if the plates are not exposed to flame. 

Where the stays arc irregularly pitched D- shall be taken instead of 
'A'<^ -|- where D is the diamoter of the largest circle which can be drawn 

through any three points of support without enclosing another point of support 
(See Figures XII/74, XII/75, XIl/76 and XIl/77). Where various forms of supports 
are used, the value of C shall be the mean of the values for the respective 
methods adopted. At the attachment of the end plate to shell, furnaces of flues, 
the point of support and the constant C to be used shall be taken in accordance 
with Regulation 374. 

For the portions of the end plates between the top rows of tubes and the steam 
space stays. Equation XII/12 shall apply, B being taken as the distance between 
the centre line of the top rows of tubes and the centre of the bar stays or other 
point of support and A being taken as 
A| Aj 
2 

where 

Ai is the distance between the centres of bar stays or other method of 
support, and 

A, is the horizontal distance from the centre of one stay tube and the centre 
of the next stay tube in the top boundary row. Where no stay tube.s arc tltted 
A t shall be taken as equal to four times the horizontal pitch of the p,ain tubes. 
Where no stay tubes arc tltted the support afforded by the plain tube;; shall not 
be taken to extend beyond the line enclosing the outer surlaccs oi the tubes 
except that, between the outside of the wing row of tubes and the attachment of 
ihe and plate to shell, there may be an unsupported width equal to the flat plate 
margin as given by Equation XXl/23. 

577. Parts of flat tube plates within tube nests.—(a) Where the total area of 
all tube nests in directly fired multitubular boilers exceeds 7 square feet, stay 
tubes shall be fitted. 

Where the total number of tubes in horizontal multltubulur waste heat boilers 
and direct fired loco-type bollors is arranged in one nest, the area of which 
exceeds 21 square feet, stay tubes shall bo fitted. 

in all cases, where the total number of tubes is arranged in more than one nest, 
stay tubes shall be fitted. 

The working pressure of the tubeplates within the tube nests shall be deter¬ 
mined by the following formula: 

Where stay tubes are fitted, 
ett—1)“ 

WP-= ..Equation XII /13 

M* 

where 

t is thickness of the tubeplate in thirty-seconds of an inch. 

WP la working pressure—pounds per square inch. 

M is mean pitch of the stay tubes in inches^—being the sum of the four sides, 
of any quadrilateral bounded by four quadrilateral adjacent stay tubes divided 
by 4. 

C is 50 for plates exposed to flame. 

64 for plates not exposed to flame. 

Stay tubes secured in accordance with figure XII/67 or XII/ 68 . 

C=70 for plates exposed to flame. 

C=80 for plates not exposed to flame. 

Stay tubes secured in accordance with Figure XII/09. 





the gazette of India extraordinauy 


[Part II 




(b) Where the area of the tube nest does not exceed 7 square feet in the case 
of direct fired boilers or 21 square feet in the case of waste heat boilers, and direct 
fired loco type boilers and stay tubes are not fitted, the ends of all tubes may be 
welded at the gas Inlet end and welded or expanded at the outlet end. 

Alternatively, the tubes may be expanded and beaded at the inlet end, and 
expanded at the outlet end. In both case.s the working pressure df the tube plate 
shall be determined by Equation XII/13, where M=four times the mean pitch In 
Inches of the plain tubes in the nest. 

C=60 for plates exposed to fiame. 

C=60 for plates not exposed to flame. 

578. Manhole openings in flat plates.—-Where manholes are located in flat plates, 
the openings shall be suitably compensated. 

Compensation shaU be obtained by flanging the edge of the opening, or by 
pioviding a fabricate ring (.See Figures XII/52, XiI/63, Xn/G4, XII/55 and 

XI1/66J. 

The manhole in the lower portion of the flat front end plates shall be fitted 
with a flanged strengthening ring, the thinckness of the flat portion of which shall 
be not less than (1'5T + i inch) where T = the thickness of the end plate 
in inches, and In boilers of 7 feet and 0 Inches diameter and over the manhole 
frame shall be fitted with a peak to reinforce the portion of the end plate between 
and below the furnaces and this peak .shall be securely welded thereto. 

In all cases the depth of the flanging or ring shall not be less than that deter¬ 
mined by Equation XII/ 6 . 

Note, —Where, the manhole is located in or between tube nests In multitubular 
boilers or below the furnaces of other Boilers the stay tubes In the boundary row-s, 
or the gu.sset stays, as applicable, shall be arranged as closely as practicable to 
the manhole. 

579. Plain tubes.—(a) Attachment.—Plain tubes may be welded at both ends, 
welded at the Inlet end and expanded at the outlet end, or expanded at both ends. 

Where the tubes are expanded only, the process shall be carried out with 
expander.? having parallel rollers, and the expanded portion of the tube shall be 
parallel through the full thickness of the tubeplate. In addition to expanding 
tubes may be bell-mouthed or beaded at the Inlet end. 

Where the tube is welded to the tubeplate, the tube should be lightly expanded 
to grip the tube hole before welding. 

(b) The maximum working pres.sure for the tube subject ,to the external 
pressure shall be: 

100 (t— 6 ) 

...Equation Xn/ 14 . 

D 

where 

t is thickness of the tubes In one hundredths of an Inch. 

D is external diameter of the tubes In Inches. 

No tube shall be less than 12 S.W.G. (0:104") thick. 

(c) The working pressure of tubes subjected to Internal pressure shall be 
determined by the following formula: 

140 (t— 10 ) 

WP— ..EquationlXII/ 15,'3 


t Is minimum thickness of tubes In one hxmdredths of an Inch. 

WP Is working pressure In pounds per square Inch. 

D Is outside diameter of tubes in Inches. 

680. Pitch of tubes,—The spacing of tube holes shall be such that the minimum 
width in inches of any ligament between the tube holes shall be not less than: — 

D 



alternatively, 

the thlckne.ss and cross-section of the plate between the tube holes shall be not 
less than 

0125D |-0'2=mliiimum thickness in Inches. 

0T7D-l-0-025=minimum cross-section In square Inches where D is diameter 
of the tube hole In Inches, 
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In no c;ise shall the nninlnium thickness of any tube plate in the tube area bo 
less than the following limits:— 

T=i Inch. 

where the diameter of the tube hole does not exceed 2 inches, 

T= 9 /lfi inch, 

where the diameter of the tube hole i.s greater than 2 Inches. 

581 . Stay tubes.—Stay tubes shall be of steel seamless or electrically resistance 
welded. 

(n) Mhiiitimn thickac.ss of stau tabe.v.---IVIlnimum thickne.ss of .stay tubes shall 
be such that the stre.ss on Ihe net cross-sectional area cither at the bottom of the 
ibreaded nart or at the middle of the tube whichever ts the lesser shall not exceed 
.527 Kg /Cm 3 (7500 Ib.s. per sci. ini. Thickncs.s of .slay tubes nt any part shall 
not be less than 5 mm. ( 3/16 in.), 

^b; The maximum working pressure for .screwed in stay tubes shall he 
calculated by the fcdlowing formula; 

S 900 f / I 28\ “ 1 

WP - ■{ ( D— — —D,* V . . . Equation XII/16 

A IV N / J 

D is diameter of the slay tube over threads In inches. 

D is internal diameter of the tubes under the threads in inches. 

N Is number of threads per inch. 

A Is the area In .square inches supported by one Stay tube, measured from 
centre to centre of sta.v tubes. When the area contains tubes or parts of tubes 
their aggregate area, calculated from their smallest external diameter of body 
when in tension and smalle.st internal diameter when in compression, shall be 
deducted from the area of the containing figure and the remainder used as A in 
the formula. 

Where stay tubes have their thickness increa.sed at the screwed ends to provide 
lor plus threads, the increased thickness shall be obtained by upsetting and not by 
welding, and the tubes shall be .subsequently annealed. 

Stay tubes may be attached to tho^tube plates eithei' by screwing or by metal 
arc welding. 

Where stay tubes are screwed into the tube plates they shall be screwed with a 
continuous thread not finer than U threads per inch at both ends and shall be 
expanded Into the tube plates, by roller expander and, if desired, may be seal 
welded. 

Welded attachment of stay tubes be as shown in Figures XII/ 67 , XII/68 and 
XH/ 69 . 

582 . Compression of tube plates.—(a) For fire-box or combustion chamber 
tube plates which are subject to compression due to the pressure on the roof plate, 
the maximum working pressure shall be: 

C x(P—D)xt 

T 0 pp=n ..Equation XII /17 

L xP 

t is thickness of the tube plate In thirty seconds of an inch. 

P is pitch of the tubes in inches, measured horizontally where the tubes are 
chain pitched, or diagonally where the tube.s are zlgzQg pitched and the diagonal 
pitch is less than the horizontal. ' 

D is internal diameter of the plain tubes in inches, 

L is internal length of the fire-box or combustion chamber in inches measured 
at top between tube plate and flrehole plate or back plate, or between tube plates 
In double ended boilers with combustion chambers common to two opposite 
furnaces. 

C=875. 

Provided that the above formula shall not apply in the cases of fireboxes where 
the girder.s do not rest on the tube plate, or where the roof plate is stayed direct 
ro the outer shej] or to glrdeF,s supported by the shell. 
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(b) Where girders rest on the side plates or the roof plate Is so formed that 
the load is carried both by side and end plates, the compressive stress on the 
plates shall not In either case exceed 14,000 pounds per square Inch. 

583. Girders for firebox and combustion chamber crowns. —(a) For girders 
supporting crown plates of rectangular fireboxeij, where the ends of the girders 
are supported by the vertical end or side plates, their proportions shall be cal¬ 
culated by the following formula: 

C S Td" 

WP= . ..Equarion XII/iS 

L" Y 


Where 

WP i.s Working pressure In pounds per square Inch, 

S is Minimum tensile stress of the material In tons per square Inch, 

T Is Total thickness of the stay in thirty seconds of an Inch, 

d is Depth of the girder stay In Inches, 

h Is Dength of girder stay In inches measured between the Inside of the tube 
plate and the flrehole plate, or between the inside of the side plates, according to 
the method of support. 

Y Is Pitch of girder slays in Inches, 

C=22 for steel plates or steel forgings, 

=19 for steel' castings. 

(b) Where girders are welded to the crown plate the dimensions of the welds 
shal' be such that the stre.ss calculated on an area equal +o the sum of the effective 
lengths of the welds attaching each girder multiplied bv the effective throat 
thickne.ss shall not exceed 7500 noimds per square Inch multiplied bv the anpro- 
priste weld factor in Table XII/7, (“effective length" and “effertive throat 
thickness” are defined in Regulation The load on the welds .shall be taken 

as that due to the design pres.sure acting on the area LY; L and Y being as defined 
In Regulation 583', 

.584. Girder sling stavs.—For slung girders the proportion of .slings, links pins 
and connections to the shell shall be suffiMent to carrv the whole load that would 
otherwise be carried on ihe toes of the girders and for anv of the above parts in 
tension a stress of 9 000 pounds per square Inch of net section, and for parts in 
sheer a stress of 8.000 pounds per square Inch of not section shall not be exceeded. 
Tn the case of parts In double shear, the net area of the section should be taken 
as 1-875 times the single section. 

685. Stays for fire-boxes and circnlar fiirnecea— (a) Solid screwed stays — 
For screw stays to combustion chambers and fire-boxes and for lonvitndinal and 
cross stavs. the maximum working pressure for the stays is to he calculated from 
the appropriate one of the following two formulae:— 

C ^ 

WP« - ( D— — I • . . . Equation XII/ip 

A V N / 

CvD* 

- .... Equation XII /20 

A 

W.P, Is the working pressure in pounds per square Inch, 

D Is diameter of stays over threads In Inches. 

Dl Is diameter of 'body of stay at Its smallest part In inches. 

N Is number of threads of stay per Inch. 

A is area In square inches supported by one stay for area to be supported bv 
stays near tube.s in fire-box tube plate.s of locotype boilers, see Regulation 193(81, 

0=7100 for steel or special wrought Iron screw stays to combustion chamber 
or fire-boxes, 

C=8040 for steel longitudinal or cross stays fitted with nut*. 

=4700 for copper Btays. 
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Where stays are made with enlarged ends and the body of the stay is smaller 
in diameter than at the bottom of the thread the working pressure shall be 
calculated from the second formula. 

(bl Circumferential stays for circular furnaces and fire-boxes .—The diameter 
of the stay shall be not less than J inch or twice the thickness of the fire-box plate, 
whichever is the greater, fn the case of screwed threads the diameter shah be 
measured over the threads. 

The pitch of the stays at the fire-box shall not exceed 14 times the thickness 
of the hre-box plate. 

581). Fire-box Crown Stays for Loco-type Boilers. ^Where flre-box crown stays 
are directly attached to a seim-cylindrical outer casmg, and the ilrc-box top is 
camoered and iltved with stays, arranged as shown in Figure XII/78, the thick¬ 
ness of the outer casing shall be sufficient to provide not loss than three engag¬ 
ing threads, of which not less than one shall be full thread in stays not normal 
to the stayed surface, but it the thickness of the plate is not sufficient to give one 
engaging full thread the plate shall be reinforced. 

Where vertical stays only are used to take part of the load on the fire-box top, 
boilers with shells 4 feet and 6 inches diameter and over shall be fitted with 
transverse stays (see Figure XIl/791. Stays may be attached as shown in. Figures 
XII/39, XII/40 and XII/41. 

687. Longitudinal Bar Stays.—The maximum working pressure for longitudi¬ 
nal bar stays is to be calculated from the appropriate one of the following two 


formulae; — 



1 

W.P.- 

C 

/p V 

. . . . Equadon XII/zi 

A 

\ N / 


CxDi* 

. . Equation 

XII /22 

A 


W.P. is working pressure in pounds per square inch, 


D is diameter of stays over threads In inches, 

D 1 is diameter of body of stays at its smallest part in inches, 
N is the number of threads of stay per inch, 

A is area in square inches supported by one stay, 

C is values given in Tabic below; 


Table XII/5 

Stress on Longitudinal Bar Stays 


Range of tensile strength of bar 





Value of C 

tons per square inch 





poimds per square inch 

26/30 

• 



- 

7850 

28/32 

. 

• 

• 


. . 8640 

30/34 


- 

• 

• 

9420 

32/36 

• 

- 

• 

■ 

10200 


Where bar stays are fitted in vertical boilers, not less than four bar stays 

shall be fitted to boilers of 4 feet and over but under 5 feet in diameter; five bar 

stays to boilers of 5 feet and over but under 6 feet in diameter; six bar stays to 
boilers of 6 feet and over in diameter. ■ 

In no case, shall the diameter of the stay at any part be less than 1 inch. 

Where joined stays are fitted, the strength of the knuckle joint employed shall 

be at least equal to the strength of the remainder of the bar stay. 

688 . Loads on Stay Tubes and Bar Stays,—Stay, tubes and bar stays shall bo 
designed to carry the whole load due to the pressure on the area to be supported, 
the areas being calculated as follows: — 

(a) For a stay tube within the tube nest the net area to be supported shall 
be the product of the horizontal and vertical pitches, in inches, of the stay tubes 
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less the area of the tube holes embraced. Where the pitch of the stay tubes 
is irregular the area shall be taken as the square of the mean pitch of the stay 
tubes (t.e., the square of 1/4 of the sum of the four sides, of any quadrilateral 
bounded by four adjacent stay tubes), less the area of the tube holes embraced, 

(b) For a stay tube in the boundary row, or for a bur stay, the net area to be 
supported shall be the area, in square inches enclosed by lines passing midway 
between the stay and the adjacent points of support and by the boundary margin 
(see Regulation . 1891 , less the area of any tubes or stays embraced. 

(c) In the case of a bar stay where there are no stay tubes in the tube nest the 
area to bo supported shall extend to the tangential boundary of the tube nest. 

589. Flat Plate Margins. —The amount of support in relief of the stays which 
may be attributed to the shell, furnaces or flues to which flat plates are attached, 
shall not exceed that determined by the following formulae; — 

Width of margin in lnches= 

C(t-i) .j 

—--— . • . Equation XII/23 

v'W.P. 

t is plate thickness in thirty-seconds of an inch, 

W.P. is working pi'es.sure in pounds per square inch, 

C—g .47 fQj. plates exposed to flame. 

C=3 ■ 70 for plates not exposed to flame. 

Wlrere the plates are flanged, the margin .shall be measured from the com¬ 
mencement of curvature of flanging, or from a line 3J times the thickness of the 
plate measured from the outside of the plate, whichever i.s nearer to the flange. 
Where the flat plate is not flanged for attachment to the shell or flue tubes and 
is welded as shown in figure XII/12 or XII/16, the width of the margin shall be 
measured from the inside of the shell or the outside of the flue tube, whichever 
is applicable. 

In no case, however, shall the diameter D of the circle forming the boundary 
of the margin .supported by the uptake of a vertical boiler be greater than that 
found by the following formula; — 

/ 5000 A 

D=“ -hd" .... Rquatlon XIII 24 

W.P. 

A is cross sectional area of the uptake tube in square mches, 

W.P. is working pi’es.sui'e in pounds'per square inch, 

d is external diameter of uptake in inches. 

590. Breathing space.—Gusset stays shall be arranged to give sufficient bearing 
space around the furnace conncction.s and tube nests (see Figure.s XII/70 to Xn/77 
and XII/80). The proportions shown m Table XTI /6 are recommended for the 
portion of the end plates above the furnaces and the flues: — 

Table xri/6 
Ttreathlng Space 


Thickness of end plate 

Dimension “L 

inches 

inches 

1/2 

10 

9/18 

11 

5/8 

12 

11 /1« 

13 

3/4 

13 

13/16 

13 

Over 18/16 

13' 1/2 


The breathing space below the flues shall be approximately one-half the 
dimensions given in Table XII/6. 
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i'or gusset stays above the tube nests, as fitted in multitubular waste heat 
boilers without internal j-^i iaces, a breathing space oi 8 inches from the centre 
line ot the aUjacent tubes to the toe ot the gusset angle or plate,' may be main¬ 
tained. Dor the buck end stays below the lurnaces ot multitubular dryback 
boiiers a breathing space of (i inches may be maintained where the fiues are cons¬ 
tructed in accordance with Hegulation b4(l. 

Where the fiues aie constructed ot corrugated sections welded together, a 
breatmng space ot 4i inches may be mamtanied, 

6 yl. Gusset and Link Stays,—^E'or welded lancashine cornish and cylindrical 
horizontal multitubular type ooilers, au-weidea gusset stays shall not be used, 
'to ensure fiexibiiity link stays, bar stays or suitably designed gusset stays other 
than the all-weidea type shall be useu. Ail-weldea gusset stays, however, may 
be used in cylindrical noiizontal waste heat and cylindrical veiticai multitubular 
boilers. ' 

(a) Load ow each stay.—itach gusset or link stay supporting the flat end plate 
ot a boiler shall be designed to carry tlie whole load due to pressure on the area 
It supports, 'the area supported by any one stay shall be obtained by corisidermg 
Uie total aiea to be supported wiucn lies within the Inmls of the fiat plate margms 
and dividing this ai ca oy boundary lines drawn between the stays. These boun¬ 
dary lines snail be at ail points equidistant trom the adjacent pohits oi support 
in ibc area under consideration, 

The cll'ective unifoiinly distributed load on a triangular gusset plate or on a 
diagonal link stay .shall be assumed to be equal to the perpendicular load on tne 
portion ot the end plate to be supported (determined as above) multiplied by 
u/Li 1 (SCO figures Xii/lil, Xll/gz, and XII/83). 

(b) Gusset plates .—Gusset plates shall be so proportioned tlrat the .angle "V” 
(see Figures Xil/&1 and XII/b2), is not less than eu°. 

The thickness of the gusset plate shall be such that the stress in the plate to 
witlistand the ellective unitornUy distributed load (as dehned above) calculated 
on the smallest cross section on Line XX or YY (Figui’es XlI/81 and XII/82), 
shall not exceed one-seventh oi the minimum tensile stress of the plate used but 
in no case shall the thickness be less than seven-eighths of the thickness of the 
sheli, plate with a minimum of 7/16 Inch. 

Where all-welded gusset stays are used a stiffening plate shall be welded at 
the toe of the gusset where it is secui-ed to the end plate (i.e., where the maxi¬ 
mum stress occurs) (see Figure Xll/ttl). 

(c) Link stays .—Link stays shall be so arranged that the angle “V” (Figure 
XIl/83) is not tess than 60' and the dimensions shall be such that the stress in 
the stay at its weakest part does not exceed one-seventh of the minimum tensile 
stress of the plate used. 

(d) Anchor plates, angles, link pins and the like members.—The strength of 

anchor plates, angles and link pins calculated at the weakest section shall be as 
foUows;— I ) L . j 

(1) Link pins shall be so designed that the shear stress does not exceed 
8,000 pounds per square inch, the strength of pins In double shear 
being taken as 1'876 times the strength of pins in single shear. 

(il) Anchor plates or angles shall be so designed that the calculated 
stress does not exceed one-seventh of the minimum tensile stress 
of the material used, but in no case shall the thickness be less than 
seven-eighths of the thickness of the shell plate with a minimum of 
i inch, nor the length of the portion attached to the end plate be 
less than the distance between the lines of end to shell flat margin 
and the breathing space line around the fiues or tube nests. 

(e) Weld attachments.—Where gusset plates, anchor plates or angles are 
welded to the shell and/or end plates, the attachment shall be by means of conti¬ 
nuous fillet welds on each side or by butt welds prepared in accordance with 
Paragraph 2, details 1, m, n, or p of Appendix A of this Chapter, 

The ■welds shall be of such dimensions that the stress calculated on an area 
equal to the effective length of the weld multiplied by the effective throat thick¬ 
ness shall not exceed that permitted for the parent metal multiplied by the 
appropriate weld factor in Table XII/7. 
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The effective length ot a weld shah be taken as that length cl weld which Is 
o± the speciffed size throughout. 

For open-ended fillet welds the effective length shall be the overall length 
less twice the weld size. 

For the purpose of stress calculation the effective throat thickness of a butt 
weld shall be taken as the thickness of the gusset or anchor plate and the effec¬ 
tive throat thickness of fillet weld shall be taken as O'7 of the fillet size. E'or 
compound welds the effective throat thickness shall be the sum of those of the 
constituent parts. 


Tabl b XII /7 —^Weld Attachment s 


Form of weld j 

Weld factor 

Not stress relieved 

Stress relieved 

Single J or bevel buff-welds (witli or without super¬ 

1 

Unsealed 0-35 

0-45 

imposed fillet.) j 

Sealed 0 ■ bo 

0-70 

Double J or bevel butt-welds [with or^witiiout^supcr- 
imposed fillet(sjj 1 

O'bo 

0-70 

Double fillet welds | 

0-55 

0-65 


692. Furnaces and Flue Sections of llorlzontal Boilers. —(a) Plane furnaces; 
The working pressure of plain furnaces shall be the lesser of the two ootained 
by the use of the following two foi'mulae; — 

1450 (t—1)‘ 

WJP.- - X ..Equation XII/a 5 

(L+24) 

SO 

W.P.—J —-—[iO(t—i)—L] .... Equation Xn /26 
D 

t Is minimum thickness of plate in thirty-seconds of an inch, 

D is external diameter of furnace or flues in inches. 

WP Is working pressure In pounds per square Inch. 

L is length of section in inches, between centres of points of substantial sup¬ 
port (see Figures XII/21, Xll/22, Xn/23. XlI/24 and XII/25). 

The thickness of any plain furnace or flue section shall not exceed 7/8 Inch, 
or be less than 3/8 inch. 

(b) Stiffeners .—Where stiffeners are used as shown in Figures XII/21 and 
XII/22, the moment of inertia of the stiflener shall be not less than that required 
by the following formula;— 
o-i 4 D“ PL 

I— ..Equation Xll/zy 


where 


D is external diameter of flue in Inches. 

P Is working pressure In pounds per square Incl 

L is length of section in inches between centres of points of substantial 
support. 

E is modulus of elasticity In pounds per square inch, at the design tempe¬ 
rature of the metal (27-8 x 10®). I 

I is moment of inertia in inches 1 of stiffening ring about its neutral axis. 

(c) Loco type fire-box crowns.—-Where loco tyi>e fire-box crowns are made with 
a large radius at each side, as in Figure XII/79, the crown shall be provided with 
stiffeners as shown. The number of stiffeners or points of support shall be deter¬ 
mined by Equations XII/26, XII/20, and the moment of Inertia of the stiffeners 
by Equation XlI/27 taldng D as 2R in Figure XII/79. 
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(d) Corrugated furnaces of horizontal boilers .—The maximum working pres¬ 
sure to be allowed on corrugated furnaces shall be determined by the following 
formula;— 

c5 

W.P.= - (t—-i) .... Equation XII/ 28 . 

D 

WP. is working pressure in pounds per square inch. 

D is the least external diameter in inches measured at the bottom of the 
corrugations of the waterside. 

t is the thickness of the furnace plate in thirty .seconds of an inch measured 
at the bottom of the corrugation or chamber. 

C=480 for Fox, Morrison. Deighton, and other similar furnaces and 510 for 
the Leeds Forge Bulb suspension Furnace. 

No corrugated furnace shall be more than 7/8 inch or be less than 3/8 inch 
thick. The depth of corrugations plus the thickn-'ss of the plate shall be not 
less than 2 inches. 

593. Plain Furnaces of Vertical Boilers.— The maximum working pressure of 
Plain Furnaces of Vertical boilers shall he the lesser of the two values obtained 
by equations XII/25 and XII/26, 

where 


D=extprnnl diameter of the firebox In inches. Where the firebox Is tapered 
the diameter taken shall be the mean of that at the top and at the 
bottom wh^re it me ds the substantial .support from the flange or ring. 

Tj is length of the firebox in inches between points of substantial support, 
measured from the commencement of flange curvature, or from the 
foundation connection, or from a row of screwed stava which comply 
with Regulations 550(b), .585(b) whichever is applicable. 

In no case, however, shall the thickness bo more than 7/8 inch. For fireboxes 
under 2 feet and 6 Inches in diameter, the thickness shall be not less than 5/lfi 
inch and for fireboxes 2 feet and 6 inches in diameter and over, the thickness 
shall be not less than 3/8 inch. 

5"4. Oornigated Fireboxes of Vertical Boilers. —For the semi-snirally corru¬ 
gated fireboxes of ‘Sentinel’ standard motor wagon boilers the working pressure 
shall be determined by the following formula;— 

C(t-i) 

W.P.= - .. . . . Equation.XII/ 29 . 

D 

W-P. working pressure in pounds per square inch. 

t is thickness of the fire box plate in thirty seconds of an inch. 

D Is mean of the external diameters of firebox measured over the plain 
part at each end at commencement of curvature of flange. 

C=390, 

No corrugated furnace shall be le.s.s than 3/8 inch thick. 

595. Hemispherical Furnaces of Vertical Boilers.— When furnaces are hemi¬ 
spherical in form and subject to pressure on the convex side and are without 
•support from stays of any kind, the maximum working pressure shall he found 
by the following formula;— 

275 (t—i) 

W.P. — --— .... Equation XII/ 30 . 

R 

W.P. is working pressure in pounds per .square inch. 

t is thickness of the top plate in thirty seconds of an inch. 

R is outer radius of curvature of the furnace in inches. 

The thickness of these furnaces shall in no case exceed 7/8 inch. 

596, Foundations of Vertical Boiler Furnaces, —^When circular furnaces of fire¬ 
boxes of vertical boilers are not connected to the shell crown by uptake tube, 
smoke tubes or bolt stays and the whole load on the fire-box vertically is borne 
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by the bottom part of the firebox where it is connected to the shell the working 
pressure for the part, if firebox ig joggled out to meet the shell or if any ogee 
ring is fitted, shall not exceed that found by the following formula;_ 

W,P.~ —..Equation XII/ 31 . 

D(D-D,) 

W.P, is working pressure In pounds per square inch. 

t is thickness of the joggled firebox plate or ogee ring in thirty seconds of 
an inch. 

D is Inside diameter of the boiler shell in inches. 

D 1 Is outside diameter of the joggled firebox at the commencement of curva¬ 
ture above joggled part or the outside diameter of the firebox where 
it joins the ogee ring. 

C=140 for Ogee rings (see Figures XII/26 and XII/27). 

C=100 where ‘U’ ring section is used (see Figure XlI/28). 

597. Foimdations of Loco-type Boiler Fireboxes.— Where the firebox roof in 
loco-type boilers is not staved direct to the external casing crown or to girders 
carried by the casing or if not connected to the casing by slings, the working 
pressure for the parts, if plates are joggled out to meet the casing or if an ogee 
ring is fitted, shall not exceed that found by the following formula:-— 

(t—I /x(L-l-W) 

W.P.“ 70 ...... Equation Xn/32 

L-hWeW—Wi) 

WP is working pressure in pounds per square inch 

t Is thickness of the joggled firebox side plates 01 ^ fire hole plate (which¬ 
ever is less), or ogee ring in thirty seconds of an inch. 

L is length of firebox casing in inches measured between the water sides 
of front end plate and saddle plate at the foundation seam. 

W is width of firebox casing in inches measured between the water sides 
of casing side plates at the foundation seam. 

W) is width of firebox in inches measured between the water sides of 
firebox side plates at the commencement of curvature above joggled 
part or where it joins the ogee ring. 

Where only a comparatively narrow strip of the firebox roof is stayed-directly 
to the casing crown the area .so staved shall be deducted from the area represented 
by LXW in the bottom line of the formula thus: (LXW—A) (W—^W 1 ) and so used 
In Equation Xfl/32 in determining the working pressure for the parts, "A” being 
the area in square inches of the part of roof supported by the casing crown. 

598. Uptakes of Vertical Boilers.—-The working pressure for uptake tubes of 
vertical boilers shall be determined by the following formula:— 

(i) When an internal liner is not fitted:— 


100 (t— 2 ) 

W.P.™ ..Equation Xn/33 

D 

(11) When an Internal liner is fitted extending below the low water level:— 
725 (t—I)* 

- X . .Equation XTI /34 

D (L+ 24 ) 


where 

W.P, Is working pressure in pounds per square inch, 
t Is thickness of the uptake in thirty seconds of an Inch. 

D is external diameter in inches. 

li Is length of the uptake in inches, measured between the circumferential 
seams. 

In no case shall the thickness of an uptake tube be less than 3/8 inch. 

699. Cross Tubes.—Internal diameter of cross tubes shall not exceed 12 Inches. 
The working pressure of the tubes shall be determined by the following formula:— 

20 oCt— 7 ) 


w.p.= 


D 


Equation XII /35 
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t is thickness In thirty seconds of an inch of the cross tube. 

D is internal diameter in inches of the cross tube. 

In no case shall the thickness of a cross tube be less than 6/16 inch. 

600. Pads Welded to shell for the attachment of Flanged Mountings.—^(See 
Figure XII/90).—The size of outer peripheral fillet welds by which circular pads 
arc attached to shell plates shall be determined by the following formula XII/36, 
but .shall in no ca.se be less than the inner welds nor less than the mlrUmuin 
specified for plate thickness In Table XII/3; — 

2A—D,Li 

Lo" ..Equation XII/36 

Do 

where 


L„ is size of fillet weld around outer periphery of pad, in inches. 

Li is size of fillet weld around inner periphery of pad, in inches. 

A is cross sectional area of opening in shell (based on minimum thickness) 
In square inches (see Regulation 671). 

Do is outer diameter of pad in inches. 

Di is inner diameter of pad in inches. 

601. Hydraulic and Hammer Tests.—(a) Class I Boilers ,—^Each Class I Boiler 
shall on completion of all welding and/or repairs and after heat-treatment, be 
subjected to a hydraulic test of li times the working pressure and while under 
this pressure, the welds shall be given a thorough hammer test throughout their 
length. The pressure shall then be released and afterwards raised to ij times the 
working pressure 4- 50 pounds per square inch and steadily maintained for a 
length of time sufficient to enable an Inspection to be made of all seams and 
connections, but for not less than half-an-hour. 

(b) Class 11 Boilers .—Each Class II Boiler shall after heat treatment, be 
subiected to the same form of test as for Class I Boilers, except that every Boiler 
shall be given a hammer test and the hydraulic pressure to be applied for the 
test shall be li times the working pressure. This pressure shall be released and 
then raised to twice the working pressure. 

During Hammer test care should be taken to avoid damage to the surface 
of the plate. 

Should the hydraulic test reveal any defect in the welded seam it shall not 
be repaired unless agreed upon by the Inspecting Authority. 

On completion of agreed repairs to the boiler which has previously been stress 
relieved by heat treatment this treatment shall, if required bv the Inspecting 
Authority, be repeated and the boiler shall again be subjected to the hydraulic 

teat. 
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FIG. XII/58 DETAILS OF TEST PLATES 

I Tl-NSlLl TKM Fon . 

7 IMPACT TtST OUlUl SURFACE. Op PLATE . 

aasae impact re-test outer suhpace of plate. 

5. IMPACT TEST INNER SURFACE OF PLATE, 

5&Aab IMPACT RE-TEST INNER SURFACE or plAtE. 

4, TENSILE TEST FOR ALL-'»ELD-METAU. 

5. nORMAL OENO TEST-OUTER SURFACE IN TLNS'ON- 

G REVLRSl e>END TEST-INNER SURFACE- IN TENSION 

I. MICRO AND Macro "ra-aT. 
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FIG. XII/63 TENSILE TEST PIECE ALL-WELD METAU 







236 


tH£ GAZETTE OF INDIA eXTRAORDINARV 


(Pa«t U 


H^DIUS f • 10 PtlCEKT OF t(Tl«<lKNL‘i'!iOrTHe. 5FEaM/W) 
OUTEI^ SDEfACL* 


I* ‘ys’"—I 

A * MOIMAL fctNO i?LCth\tN - O 


_ 

fi • RCVE-A^e- WMD s?&cime.m(3) 






WMtt iURFACt f"' 

C» SPEClMENi (Dft @ 

ajT- Flow SINGLE PltCEOF PLATS. 



■-Ijtt [-—^ 

^oAmOK AOUNDEOTO RAt>IU5,N0T 
tXCE£DW6 K> PeIvCEMT 


WtC<tAEM KiOUMTEO TO fctND TEOT 


FIG. Xll/M. BEND TEST 







flKC. S(i}] 


THE GAZETTE OF INDIA EXTRAORDINARY 


237 



1. • leMSlLEr TC-ST FOR. veUDtD 56. 

e. T&ST— OUTea SURFACS of TMt 

V6LD IM T&M510M. 

3. atNo TtsT— s>tjeFAce of ^wtr 

WFLD IM TtMS\OM, 
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FIG. XH/65, D&TML5 Of TEST PL\TE5. 
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FIG. Xll/79 ARRANGEMENT OF FIRE BOX CROWN AND 
transverse stays for LOCO-TYPE BOILERS 
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FIG. XII/80 BREATHING SPACE 

(SEE RECOMMENDED’BREATHING space given in REG. 590. 
NOTE:—THIS SKETCH IS DIAGRAMATIC ONLY 
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FIG. XII/90PADSWELDED ON FOR STUDS 




the, tv PE. SHOVVM FIG. Xll/9 1. 
USED WHtRt TWIC kH lsS OF 


tiiCEIIDS ^ Ife 


SMAi- L HOT 6 ." 
THE SHELL 



m 


TYPE 


owvi 


5H 


m bfe usto 







SEC. 


I^ECOMM £ ND 1 ;D ggP'MS of weld PftEPARAl'IOM ( 

O^TASL't t? IHCi.USlVt /XAQ SUITUU FO« MANUAL VN/LLDIN^ AND 
N0:^A<‘UL AU'fO/AAT'C V^LLOIHG WHtRL TMC AUTOMATiC 0£EP 
PEMEIFLATION TtCUtUQUE IS EMPLOY9 0, SGML MO01FtCAT\ON M.AV 
ftE HLC^SSAaY . 


L SlHiiLE, J huTT Wt.lD. 


WELD 

1 - —■ ■ 1 

DETAIL, 

r , 

V 

ImCK- 

/ -H. 

G* 

, <■ 

Eaoioj 

Y 

ftOOT 
fACA R. 

waiDGD 
FMVM »0TU 


n 


IH 



% 


SUCl OA 

V 

A 







OHt lioa 

|i»^ 

A'! 

Po^lTtON 

ovmVj 

c>_Vg 

id- zo 

VrVe 

W'-'s- 


■ 








m OOUfcLE J bUTT WELD 



A OOObLt UVCL ftLftl WELO 


WtLO bftTML 


Ihicenip 

T 

Q\P 

Ci 

ANLU 

oC 

tODT FAcC 

K 

nmlldlo 
from eOTH 
Flhti 


fA] 

ALL 

POMTl- 

c/r. 

ovct. 

Vl 

m 

B 

Ai- So" 

■ 

A 


Li_ 



THE USE OF THE MlM GAP AND MIN. ANCLE SHOULD fcL ASSOt- 
, lATED with the max-. RADIUS r of CONVERSELY, THE MAX, 

fiiAP AMO MAX . ANCLE SHOOUD «»£ ASSOCIATED WITH THl MiH 
ADIUS r OF J/n IN . 

No. S&Pn/BR-318(2)/64. 

A. BHAWANI SHANKAR, Secy. 

CENTRAL BOILERS BOARD. 


■""TEn IN INDIA BY THE GENERAL MANAGER, GOVERNMENT OF INDIA PRESS, 
AND PUBLISHED BY THE MANAGER OF PUBLICATIONS, DELHI, 1902 






























